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ceftriaxone sodium/Roche 


Betore prescribing, piease consult complete product information, a summary of which follows: 
INDICATIONS AND USAGE: Rocephin is indicated for the treatment of the ollowing infec- 
tions when caused by susceptible organisms: 

LOWER RESPIRATORY TRACT INFECTIONS caused by Strep. pneumoniae, Strepto- 
coccus species (excluding enterococci), Staph. aureus, H. influenzae, H parainflu- 
enzae, Klebsiella species (including K. pneumoniae). E. coli, E. aerogenes, Proteus 
mirabilis and Serratia marcescens. 

SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus, Staph epider- 
midis, Streptococcus species (excluding enterococci), E. cloacae, Kiepsiella species 
(including K. pneumoniae), Proteus mirabilis and Pseudomonas aeruginosa. 
URINARY TRACT INFECTIONS (complicated and uncomplicated) caused by E. coli, 
Proteus mirabilis, Proteus vulgaris, M. morgani and Klebsiella species (including 
K. pneumoniae). 

UNCOMPLICATED GONORRHEA (cervical/urethral and rectal) caused by Neisseria 
gonorrhoeae, including both penicillinase and nonpenicillinase producing strains 
PELVIC INFLAMMATORY DISEASE caused by N. gonorrhoeae. 

BACTERIAL SEPTICEMIA caused by Staph. aureus, Strep. pneumoniae, E. coli, H. in- 
fluenzae and K. pneumoniae. 

BONE AND JOINT INFECTIONS caused by Staph. aureus, Strep. pneumoniae, Strep- 
tococcus species (excluding enterococci). E. coli, P mirabilis, K. pneumoniae and 
Enterobacter species. 

INTRA-ABDOMINAL INFECTIONS caused by E. coli and K. pneumoniae. 

MENINGITIS eaused by H. influenzae, N. meningitidis and Strep. pneumoniae. Cef- 
triaxone has also been used successfully in a limited number of cases of meningitis and 
shunt infections caused by Staph. epidermidis and E. coli. 

SURGICAL PROPHYLAXIS: Preoperative administration of a single 1 grr dose may re- 
duce incidence of postoperative infections in patients undergoing surgical procedures 
classified as contaminated or potentially contaminated (e.g., vaginal or abdominal hys- 
terectomy) and in those for whom infection at the operative site presents serious risk 
(e.g., during coronary artery bypass surgery). 

Aithougn ceftriaxone has been shown to have been as effective as cefazolin in the pre- 
vention of infection fallowing coronary artery bypass surgery, no placebo-controlied trials 
have been conducted to evaluate any cephalosporin antibiotic in the prevention of infec- 
tion following coronary artery bypass surgery When administered before indicated sur- 
gical procedures, a single 1 gm dose provides protection from most infactions due to 
susceptible organisms for duration of procedure. 

SUSCEPTIBILITY TESTING: Before instituting treatment with Rocephin, appropriate 
specimens should be obtained for isolation of the causative organism and for determi- 
nation of its susceptibility to the drug. Therapy may be instituted prior to obtaining results 
of susceptibility testing, 

CONTRAINDICATIONS: Rocephin is contraindicated in patients with knowr allergy to the 
cephalosporin class of antibiotics. 

WARNINGS: BEFORE THERAPY WITH ROCEPHIN IS INSTITUTED, CAREFUL INQUIRY 
SHOULD BE MADE TO DETERMINE WHETHER THE PATIENT HAS HAD PREVIOUS HY- 
PERSENSITIVITY REACTIONS TO CEPHALOSPORINS. PENICILLINS OR OTHER 
DRUGS. THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO PENICILL N-SENSITIVE 
PATIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH CAUTION TO ANY PA- 
TIENT WHO HAS DEMONSTRATED SOME FORM OF ALLERGY. PARTICULARLY TO 
DRUGS. SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE THE USE 
OF SUBCUTANEOUS EPINEPHRINE AND OTHER EMERGENCY MEASURES 
Pseudomembranouscolitis has been reported with the use of cephalosporins (and other 
broad-spectrum antibiotics); therefore, itis important to consider its diagnesis in patients 


~~ “who develop diarrhea in association with antibiotic use. 


Treatment with broad-spectrum antibiotics alters the normal flora of the colon and may 
permit overgrowth of clostndia. Studies indicate a toxin produced by Clostsidium difficile 
is one primary cause of antibiotic-associated colitis. Cholestyramine end coestipol 
resins heve Deen shawn to bind to the toxin in vitro. 

Mild cases of Colitis respond to drug discontinuance alone. Moderate to severe cases 
should be managed with fluid, electrolyte and protein supplementation as indicated. 
When the colitis is not relieved by drug discontinuance or when it is sever2, oral vanco- 
mycin is the treatmentof choice for antibictic-associated pseudomembranous colitis pro- 
duced by C. difficile. Other causes of colitis should also be considered 

Rarely. shadows suggesting sludge have been detected by sonograms o' the galiblad- 
der in asymptomatic and symptomatic patients. This appears to be reversible on discon- 
tinuation of therapy. In a few symptomatic patients receiving higher than usual doses, 
who underwent surgery, sludge containing traces of ceftriaxone was recovered from sur- 
gical specimens. Discontinue therapy in patients who develop signs or symptoms 
suggestive of gallbladder disease: consider conservative management. 

PRECAUTIONS: GENERAL: Although transient elevations of BUN and serum creatinine 
have been observed, at the recommended dosages, the nephrotoxic potential of 
Rocephin is similar to that of other cephalosporins 

Ceftriaxone is excreted via both biliary and renal excretion (see Clinical Pharmacology) 
Therefore, patients with renal failure normally require no adjustment in dosage when usu- 
al doses of Rocephin are administered, but concentrations of drug in the serum should 
be monitored periodically. If evidence of accumulation exists, dosage snould be de- 
creased accordingly. 

Dosage adjustments should not be necessary in patients with hepatic dysfunction; how- 
ever, in patients.with both hepatic dysfunction and significant renal disease. Rocephin 
dosage should not exceed 2 gm daily without close monitoring of serum cancentrations 
Alterations in prothrombin times have oceurred rarely in patients treated w'th Rocephin. 
Patients with impairec vitamin K synthesis or low vitamin K stores (e.g.. chronic hepatic 
disease and mainutrition) may require monitoring of prothrombin time during Rocephin 
treatment. Vitamin K administration (10 mg weekly) may be necessary if the prothrombin 
time is prolonged before or during therapy. 

Prolonged use of Rocephin may result in overgrowth of nonsusceptible organisms. 
Careful observation of the patient is essential. If superinfection occurs during therapy. 
appropriate measures should be taken. 

Rocephin should be prescribed with caution in individuals with a history o` gastrointes- 
tinal disease especially colitis 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Carcinogenesis: 
Considering themaximum duration of treatment and the class of the compound, carcin- 
ogenicity studies with ceftriaxone in animals have not been performed. The maximum 
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tation ` 1b otal studies was six months 


Mutagenesis: Genetic toxicology tests included the Ames test, a micronucleus test and a 
test fur chromosomal aberrations in human lymphocytes cultured in vitro with ceftriaxone. 
Ceftriaxone showed no potential for mutagenic activity in these studies. 

Impairment of Fertility: Ceftriaxone produced no impairment of fertilitywhen given intra- 
venously to rats at daily doses up to 586 mg/kg/day, approximately 20 times the recom- 
mended clinical dose of 2 gm/day. 

PREGNANCY: Teratogenic Effects: Pregnancy Category B. Reproductive studies have 
been performed in mice and rats at doses up to 20 times the usual human dose and have 
no evidence of embryotoxicity, fetotoxicity or teratogenicity. In primates, no embryotoxicity 


or teratogenicity was demonstrated at a dose approximately three times the human dose. 


There are. however, no adequate and well-controlled studies in pregnant women. Be- 
cause animal reproductive studies are not always predictive of human response, this 
drug should be used during pregnancy ony if clearly needed. 

Nonteatogenic Effects: In rats, in the Segment I (fertility and general reproduction) and 
Segment IlI (perinatal and postnatal) studies with intravenously administered ceftriax- 
one, no adverse effects were noted on various reproductive parameters during gestation 
and lactation. including postnatal growth, functional behavior and repreductive ability of 
the offspring, at doses of 586 mg/kg/day or less. 

NURSING MOTHERS: Low concentrations of ceftriaxone are excreted in human milk. 
Cauticn should be exercised when Rocephin is administered to a nursing woman. 
PEDIATRIC USE: Safety and effectiveness of Rocephin in neonates, intents and children 
have been established for the dosages described in the Dosage and Administration sec- 
tion. /n vitro studies have shown ceftriaxone, like some other cephalosporins, can 
displace bilirudin from serum albumin. Exercise caution before administration to hyper- 
bilirubinemic neonates, especially prematures. 

ADVERSE REACTIONS: Rocephin is generally well tolerated. In clinical trials, the following 
adverse reactions, which were considered to be related to Rocephin therapy or of uncer- 
tain etiology, were observec: 

LOCAL REACTIONS—pain. induration or tenderness at the site of injection (1%). Less 
frequently reported (less than 1%) was phlebitis after | V. administration 
HYPERSENSITIVITY —rash (1.7%). Less frequently reported (less than 1%) were pruritus, 
fever or chills. 

HEMATOLOGIC—eosinophilia (6%). thrombocytosis (5.1%) and leukopenia (21%). Less 
frequently reported (less than 1%) were anemia, neutropenia, lymphepenia, thrombo- 
cytopenia and prolongation of the prothrombin time 

GASTROINTESTINAL—diarrhea (2 7%). Less frequently reported (less than 1%) were 
nausea or vomiting, and dysgeusia. 

HEPATIC—elevations of SGOT (3.1%) or SGPT (3.3%). Less frequently reported (less 
than 1%) were elevations of alkaline phosphatase and bilirubin. 

RENAL—elevations of the BUN (1.2%). Less frequently reported (less than 1%) were 


elevations of creatinine and the presence of casts in the urine. 


- CENTRAL NERVOUS SYSTEM—headache or dizziness were reported occasionally 


(less than 1%). 

GENITOURINARY —moniliasis or vaginitis were reported occasionally (less than 1%) 

MISCELLANEOUS—diaphoresis and flushing were reported occasionally (less than 
1%). 

Other rarely observed adverse reactions (less than 0.1%) include leukocytosis, lympho- 

cytosis, monocytosis, basophilia, a decrease inthe prothrombin time, jaundice, gal!blad- 

der sludge, glycosuria, hematuria, anaphylaxis, bronchospasm, serum sickness, 

abdominal pain, colitis, flatulence, dyspepsia, palpitations and epistaxis. 

DOSAGE AND ADMINISTRATION: Rocephin may be administered intravenously or intramus- 

cularly. The usual adult daily dose is 1 to 2 gm given once a day (or in equally divided 

doses twice a day) depending on the type and severity of the infection. The total daily 

dose should not exceed 4 grams. 

For the treatment of serious miscellaneous infections in children, other than meningitis, 

the recommended total daily dose is 50 to 75 mg/kg (not to exceed 2 grams), given In 

divided doses every 12 hours 

Generally, Rocephin therapy should be continued for at least two days after the signs and 

symptoms of infection have disappeared. The usual duration is 4 to 14 days; in compli- 

cated infections longer therapy may be required. 

in the treatment of meningitis. a daily dose of 100 mg/kg (not to exceed'4 grams), given 

in divided doses every 12 hours, should be administered with or without a loading dose 

of 75 mg/kg. 

For the treatment of uncomplicated gonococcal infections. a single intramuscular dose 

of 250 mg is recommended. 

For preoperative use (surgical prophylaxis), a single dose of 1 gm administered 1/2 to 2 

hours before surgery is recommended. 

When treating infections caused by Streptococcus pyogenes, therapy should be contin- 

ued for at least ten days 

No dosage adjustment is necessary for patients with impairment of renal or nepatic func- 

tion: however, blood levels should be monitored in patients with severe renal impairment 

(e.g.. dialysis patients) and in patients with both renal and hepatic dysfunctions 

HOW SUPPLIED: Rocephin (ceftriaxone sodium/Roche) is supplied as a sterile crystalline 

powder in glass vials and piggyback bottles. The following packages are available 

Vials containing 250 mg, 500mg, 1 gmor2gm equivalent of ceftriaxone: piggyback bot- 

tles containing 1 gm or 2 gm equivalent of ceftriaxone: bulk pharmacy containers con- 

taining 10 gm equivaient of ceftriaxone (NOT FOR DIRECT ADMINISTRATION) 

Also supplied as a sterile crystalline powder as follows: 

ADD-Vantage Vials** containing 1 gm or 2 gm equivalent of ceftriaxone: 

Also supplied premixed as a frozen iso-osmolic, sterile, nonpyrogenic solution of ceftriax- 

one sodium in 50 mL single dose plastic containers,’ as follows: 

1 gm equivalent of ceftriaxone, iso-osmotic with approximately 1.9 gm dextrose hydrous, 

USP added. 

2 gm equivalent of ceftriaxone, iso-oSMOtic w th approximately 1.2 gm dextrose hydrous, 

USP added. 

NOTE: Rocephin in the frozen state should not be stored above -20°C. 

"Registered trademark of Abbott Laboratories, Inc. 

tManufactured for Roche Laboratories, Division of Hoffmann-La Roche Inc., by Travenol 
Laboratories, Inc., Deerfield, Illinois 60015. P| 0587 
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Kenneth R. Sirinek, MD, PhD, Barry A. Levine, MD, San Antonio, Tex 
eè Preoperative biliary decompression had no therapeutic benefit when compared 
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Nelson A. Burton, MD; John J. Sullivan, PhD; Kent W. Jones, MD; William A. Gay, Jr, MD; 
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Timothy F. Deaconson, MD; Robert E. Condon, MD, MS; Lee Ann Weitekamp, MD; Susan Kretzschmar, MD; 
Frank P. Begun, MD; Russell K. Lawson, MD, Milwaukee, Wis 
Extracorporeal shock wall lithotripsy is safe and effective | 
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Early Diagnosis of Adenocarcinoma Developing in Barrett's Esophagus ...-------- sss sree 925 
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developing in Barrett's epithelium are encouraging. 
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the role of surgery may need to be reexpanded. 


i 


The ARCHIVES OF SURGERY (ISSN 0004-0010) is published monthly by 
the American Medical Association, 535 N Dearborn St, Chicago, IL 60610, 
and is an officia! publication of the Association. Second-class postage paid 
at Chicago, IL 60670, and at additional mailing office. 


SUBSCRIPTION RATES—The subscription rates for the ARCHIVES OF 
SURGERY are as follows: $50 for one year, $85 for two years in the United 
States and US possessions; all other countries, one year, $60; two years, 
$105 for surface delivery. (For expedited air delivery to most countries, add 
$15 surcharge for one year subscription, $30 for two years.) Rates for 
_ subscriptions for delivery to Japan or South Korea are available through 
exclusive agents —contact the publisher. Special rates for residents and 
medical students in the United States and US Possessions are avail- 
able. Address inquiries to the American Medical Association. Circulation 


Arch Surg—Vol 124, August 1989 


and Fulfillment Division, 585 N Dearborn St, Chicago, IL 60610. Phone: 
(312)280-7168. 


CHANGE OF ADDRESS— POSTMASTER, send all address:changes to the 
ARCHIVES OF SURGERY, Attention: Subscription Department, 535 N 
Dearborn St, Chicago, IL 60610. Notification of address change must be 
made at least six weeks in advance, include both old and new addresses, a 
recent mailing label, and your new zip code. 


Advertising Principles: Each advertisement in this issue has been re- 
viewed and complies with the principles governing advertising in AMA 
scientific publications. A copy of these principles is available on request. 
The appearance of advertising in AMA publications is not an AMA guaran- 
tee or endorsement of the product or the claims made for the product by the 
manufacturer. 


881 





CONTENTS —Continued 


Increased Incidence of Delayed Gastric Emptying in Children 
With Gastroesophageal Reflux: A Prospective Evaluation ................. 
John G. Papaila, MD; David Wilmot, MD: Jay L. Grosfeld, MD: Frederick J. Rescorla, MD; 
Karen W. West, MD; Dennis W. Vane, MD, Indianapolis, Ind 
© Gastric emptying studies should be obtained before 
fundoplication in infants for gastroesophageal reflux. 


The Significance of the Gastric Secretory State in Gastroesophageal Reflux Disease....................... 937 
Antony P. Barlow, MD; Tom R. DeMeester, MD; Chris S. Ball, MD; Ernst P. Eypasch, MD, Omaha, Neb 
è Patients with a mechanically defective sphincter, regardless of their 
gastric secretory state, should have an antireflux procedure. 


Gastric Surgery for Morbid Obesity: Complications and Long-term ie pt A OL PE Pe ag 941 
Charles E. Yale, MD, Madison, Wis 
© Vertical banded gastroplasty is the procedure of choice for morbid 
obesity because it is simple, safe, and physiological. 


preferred treatment for prinary colonic dysmotility. 


ORIGINAL ARTICLES 


The Relationship of the Abdominal Aortic Aneurysm to the 

E temal Caretid Artergsie Them One? ge... oo cla be Oe. 955 
Dipankar Mukherjee, MD, FACS; Jonmc. Mayberry, MD; Toshio Inahara, MD, FACS: James D. Greig, MD, Portland, Ore 
© There seems to be a frequent association of these two problems. 


Venous Reconstruction for Hiofemoral Venous Occlusion Facilitated by 

Temporary Arteriovenous Shunt: Long-term Results in Nine Patients ................................. 957 
Kenichiro Okadome, MD; Yoichi Muto, MD: Hiroshi Eguchi, MD, Fukuoka, Japan; 
Akira Kusaba, MD, Okinawa, Japan; Keizo Sugimachi, MD, Fukuoka, Japan 
@ Increased blood flow through the shunt enhanced patency of the reconstructed venous graft. 


Angioarchitectural Classificatiomof Esophageal Varices and Paraesophageal 

Veins in Selective Left Gastric hein aie han AERO, I eee ae 6 Re one, i eh ee 961 
Makoto Hashizume, MD; Seigo Xitano, MD: Hirohiko Yamaga, MD; Hidefumi Higashi, MD: Keizo Sugimachi, MD, Fukuoka, Japan 
© Treatment should be designed according to the venous vascular patterns of the lower portion of the esophagus. 


Plasma Polymerized Tetrafluoroethylene/Polyethylene Terephthalate Vascular Prostheses...............__.. 967 
Howard P. Greisler, MD; James W. Dennis, MD: Thomas H. Schwarcz, MD; John J. Klosak, MD: 
Joan Ellinger, Maywood, Ill; Dae Un Kim, MD, Livingston, NJ 
@ Polymerization of a thin coat of tetrafluoroethylene onto polyethylene 
terephthalate grafts did nct improve graft patency. 


Heterotopic Ossification Within the Small-Bowel sonia ead: Oe Ce a ne ES ae. pe) oe 982 
Mark A. Myers, MD, Joha P. Minton, MD, PhD, Columbus, Ohio 
è This patient developed recurrent intraperitoneal heterotopic bone formation. 


BRIEF CLINICAL NOTE 

Can the Common Bile Duct Drain into the Fourth Part of the RPT A P E aM OE ee 6 ots oa ee oe 984 
Trevor C. McQuillan, MBBS, FRACS, Lindsay Casties, MB BS, FRACS, Heidelberg, Australia 

TECHNIQUE 

Closed Endarterectomy: Preferred Operation for Aortoiliac Cee fee eee ee O 986 


REGULAR DEPARTMENTS 

Serteenondenon ane Grint Commmamontions soo. ke ce bee se ee ee 995 
ld nla gh CRO 5 °- i ini T a en. Tee ec: | 995 
a a a <P 24K. ads 5s .a-<ewimsidi he ound hn a adie ake See July 1989 issue, p 845 


882 Arch Surg—Vo! 124, August 1989 








SS 


3 EAEN a a L 
e BIE Pe el Da A ; g“ 7 


ze 


>= 
s, 


nengone urwv aaae et 


= AMAL. 


Date Praperns £21! if Oscara Atte g. 


Rogen. 323 
Sirengin (cr cto one) 





Archives of Surgery 


EDITORIAL BOARD 


Claude H. Organ, Jr, MD 
Editor 
Archives of Surgery 
University of California-Davis, East Bay 
1411 E31stSt 
Oakland, CA 94602 


Patrick L. Twomey, MD 
Associate Editor 
Martinez, Calif 


Margaret M. Kosiba 
Editorial Assistant 
Oakland, Calif 


Charles M. Balch, MD 
Houston, Tex 


Clyde F. Barker, MD 
Philadephia, Pa 


Robert W. Beart, Jr, MD 
Scottsdale, Ariz 


John F. Burke, MD 
Boston, Mass 


John L. Cameron, MD 
Baltimore, Md 


C. James Carrico, MD 
Seattle, Wash 


Robert E. Condon, MD 
Milwaukee, Wis 


Edward M. Copeland Ill, MD 
Gainesville, Fla 


William L. Donegan, MD 
Milwaukee, Wis 


Calvin B. Ernst, MD 
Detroit, Mich 


Robert J. Freeark, MD 
Maywood, IIl 


Donald S. Gann, MD 
Providence, RI 


Lazar J. Greenfield, MD 
Ann Arbor, Mich 


Alden H. Harken, MD 
Denver, Colo 


Robert E. Hermann, MD 
Cleveland, Ohio 


Donald L. Kaminski, MD 
St Louis, Mo 


LaSalle D. Leffall, Jr, MD 
Washington, DC 


David L. Nahrwold, MD 
Chicago, Ill 


Basil A. Pruitt, Jr, MD 
SanAntonio, Tex 


Mark C. Rogers, MD 
Baltimore, Md 


John L. Sawyers, MD 
Nashville, Tenn 


Richard L. Simmons, MD 
Pittsburgh, Pa 


Norman W. Thompson, MD 
Ann Arbor, Mich 


Ronald K. Tompkins, MD 
Los Angeles, Calif 


Donald D. Trunkey, MD 
Portland, Ore 


Alexander J. Walt, MD 
Detroit, Mich 


Lawrence W. Way, MD 
San Francisco, Calif 


Bernard Lytton, MD 
Consultant in Urology 


Arthur E. Baue, MD 
Senior Consulting Editor 


essences 


PUBLICATION STAFF 

535 N Dearborn St, Chicago, IL 60610 
Michael D. Springer Managing Editor and 
Director, AMA Specialty Journals 
Julie Foreman, Associate Editor 
Marlene M. Hinsch, Production Manager 
John R. Sayban, Mary C. Steermann, Assistant 
Production Managers 
Cheryl Iverson, Editorial Processing Manager 
Paula Glitman, Assistant Editorial Processing 
Manager 
Dennis J. Shipley, Fermissions and Graphic 
Design Manager 
Staff Assistants: Diane Darnell, Bonnie Van 
Cleven 
Copy Editing: Patricia A. Predey (Supervisor), 
Vickey Golden (Free-lance Coordinator), Paul 
Frank (Senior Copy Editar), John Radanovich, 
Philip Rogers, Janice Snider 
Production Supervisors: Betty Frigerio (Advertis- 
ing), Thomas J. Hancrigan (Illustrations), JoAnne 
Weiskopf (Layout) 


884 


Proofreading: Teresa H. Omietek, Jennifer 
Reiling, Richard T. Porter, Barbara Wojtowicz 


Production Associate: Susan Price 


Art and Senior Production Assistants: Melinda 
Arcabos, Cari Biamonte, Laura Bleiler, Karen 
Branham, Cynthia Gelper, Jerri Hall-Gortowski, 
Anita Henderson, Debra Lucas, Susan L. 
Mcilwaine, Juliana K. Mills, Dorothy Patterson, 
E. Ruth White, Ellen Yoshiihara, 


Production Assistant: Darlene E. Filips 
Manuscript Records: Lisa Hardin 


Department of Scientific and Secioeconomic 
Indexing: Norman Frankel (Director), George 
Kruto, Susan McClelland, Mary Kay Tinerella 


Please address correspondence concerning 
accepted or published communications to: AMA 
Specialty Journals, 535 N. Dearborn St, Chicago, IL 
60610 





The ARCHIVES OF SUR- 
GERY is a member of the 





Mead Data Central, Dayton, ` 
Ohio. 


JAMA American Medical Association 
AJDC Diseases of Children 
archives of 


archives of 


General Psychiatry 
archives of 

Internal Medicine 
archives of edi 

Neurology 
archives of 

Ophthalmology 
archives of 

Otolaryngology-Head 
& Neck Surgery 
archives of i 

Pathology BOA 
& Laboratory Medicine 
archives of 


Surgery 


James H. Sammons, MD, Executive Vice-Pre 
dent 


James S. Todd, MD, Senior Deputy Executi 
Vice-President 


Kenneth E. Monroe, Deputy Executive Vice- 
President 


Thomas F. Hannon, Acting Assistant Executiv 
Vice-President á 


M. Roy Schwarz, MD, Assistant Executive Vice- 
President 


George D. Lundberg, 
Scientific Information 


John T. Baker, Vice-President, Publishing 

Norman D. Richey, Director, Publication Produc- 
tion and Printing Division 

Lee A. Parent, Director, Circulation-Fulfillment j 
Division 

Dennis Joseph Dennehy, Director, Advertising Sales 
and Promotion Services Division 
Thomas J. Carroll, Director, 
Advertising Communication 
Raymond Christian, Director, Advertising Serv- 
ices Department 


MD, Vice-President, 


Department of 


ADVERTISING OFFICES: Eastern: 600 Third Ave 

Suite 3700, New York, NY 10016 (Manager: Rober, 
C. Corcoran [212-867-6640]; Representative: M. 
Gary Sabatos); Midwest/Farwest: 535 N Dearborn 
St, Chicago, IL 60610 (Manager: Thomas J. Carroll 
[312-280-7182]; Representatives: Joseph P. Gil- 
lis, Midwest; John P. Cahill, Farwest). 





>f the Western Surgical Association, 
San Diego, Calif, Nov 14-16, 1988 


Papers Read Before the 96th Annual Meeting 


ercutaneous Transhepatic Cholangiography 
nd Biliary Decompression 


~ “Invasive, Diagnostic, and Therapeutic Procedures With Too High a Price? 


Kenneth R. Sirinek, MD, PhD, Barry A. Levine, MD 


e To investigate and/or treat the causes of jaundice, 221 pa- 
ients underwent the following procedures over 7 years: percuta- 
neous transhepatic cholangiography (PTC) alone (104 patients), 
PTC with external biliary drainage (69 patients), or PTC with 
external/internal biliary drainage (48 patients). Forty-nine proce- 
dure-related complications occurred in 39 patients (18%). Three 
patients (1.5%) required an emergency operation for hepatic 
hemorrhage (2 patients) and a perforated gallbladder (1 patient). 
Two patients (1%) died as a direct result of the procedure second- 
sary to hemorrhage (1 patient) and sepsis (1 patient). Preoperative 
= biliary decompression, although technically (95%) and physio- 
logically (82%) successful in the majority of patients, had no 
therapeutic benefit when compared (nonrandomized) with those 
ients without alleviation of jaundice prior to surgical 
vention. 
(Arch Surg. 1989;124:885-888) 











recise diagnosis remains a pertinent problem for the 
clinician evaluating the patient with jaundice, particular- 
y when attempting to differentiate between intrahepatic and 
extrahepatic causes of obstructive jaundice. Careful analysis 
of the medical history, physical findings, and appropriate 
laboratory test results should allow for a correct distinction 
between intrahepatic and extrahepatic causes in about 85% of 
the patients under ideal circumstances.’ However, clinical 
diagnosis alone does not provide information about either the 
exact cause or specific anatomical location of lesions causing 
extrahepatic obstruction of the biliary tract. Moreover, it is 
impossible to determine whether surgical intervention is indi- 
cated for a particular patient. 

Following its introduction more than 50 years ago, percuta- 
neous transhepatic cholangiography (PTC) has secome an 
important and universally available diagnostic modality in the 
clinical workup of the patient with jaundice.” Percutaneous 
transhepatic cholangiography, coupled with clinical evalua- 
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tion, will provide an accurate diagnosis of the cause, level, and 
extent of biliary tract obstruction as well as an anatomic road 
map.” In 1974, Molnar and Stockman’ added z therapeutic 
dimension to the PTC procedure by providing internal cathe- 
ter drainage of the obstructed biliary tract. hercutaneous 
transhepatic cholangiography, with external and/or internal 
biliary drainage (PTBD), has become a popular mode of tem- 
porary or permanent decompression for patients with a vari- 
ety of benign and malignant diseases.” 

Despite the diagnostic accuracy and therapeutic potential 
of PTC with biliary drainage, other clinicians have cautioned 
against the routine use of this potentially hazardous proce- 
dure." These authors contend that the morbidity of PTBD, 
especially cholangitis, may offset the therapeucic benefit of 
decreasing serum bilirubin levels prior to surgical correction 
or bypass of the lesions causing obstruction. In crandomized, 
controlled, prospective study, McPherson et al” showed a 
higher postoperative mortality (32% vs 19%) in taese patients 
who had preoperative biliary decompression compared with 
those patients who only underwent an operatior. 

In light of this controversy, a retrospective study was 
undertaken to assess the indication, therapeutic: results, and 
associated morbidity and mortality of PTC with or without 
biliary drainage in a large group of patients with jaundice. 
Known risk factors for septic complications in patients with 
obstructive jaundice as well as technical considerations were 
assessed and compared to delineate their role n procedure- 
induced complications in this group of patients In addition, 
the combined morbidity and mortality for those patients un- 
dergoing PTC, preoperative PTBD, and operation was com- 
pared with that for patients undergoing orly PTC and 
operation. 


PATIENTS AND METHODS 


During a 7-year period ending December 31, 1987, a total of 226 
patients with jaundice (total serum bilirubin levels, 210 +27 pmol/L 
[mean + SD]) underwent an attempt at PTC using previously re- 
ported methods.***”” Successful cannulation of a bileduct with ade- 
quate cholangiography was accomplished in 213 patients (94%) dur- 
ing the initial procedure. Of 13 patients subjected to a second attempt 
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Table 1.—Causes of Jaundice in 221 Patients Undergoing 
Successful Percutaneous Transhepatic Cholangiography 


Cause of Jaundice No. (%) of Patients 


Extrahepatic 
Benign (n=102) 
Choledocholithiasis 
Postoperative stricture 
Pancreatitis 
Caroli’s disease 
Choledochal cyst 
Sclerosing cholangitis 
Duodenal diverticulum 
Other 
Malignant (n = 77) 
Pancreatic adenocarcinoma 38 
Cholangiocarcinama 11 
Metastatic tumor to porta 11 
Gallbladder adenocarcinoma 8 
Ampullary carcinoma 6 
Duodenal adenocarcinoma 3 
79 
24 
7 
6 
3 







a 
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Total No. (%) of Patients 1 
Hepatic 
Cirrhosis 
Cholestalsis 
Lymphoma 
Other 
Total No. (%) of Patients 
Unknown, No. (%) 
Total 


(81) 










at PTC on a subsequent day, the procedure was successful in 8 
patients, for an overall technical success rate of 98%. These 221 
patients with jaundice (122 men, 99 women) with a mean age of 59 
years (range, 7 to 89 years) formed the basis of this report. 

One hundred seventy-nine patients had extrahepatic obstruction of 
the biliary tract secondary to either benign (57%) or malignant (43%) 
disease (Table 1). Forty patients had jaundice as a result of hepatic 
dysfunction, mostly secondary to either cirrhosis or drug-induced 
cholestasis (Table 1). An exact cause for jaundice could not be deter- 
mined in 2 patients. Of 179 patients with extrahepatic obstructive 
jaundice, 123 patients underwent an attempt at placement of a cathe- 
ter for external drainage of bile at the time of PTC. External decom- 
pression of the biliary tree was successful in 117 (95%) of these 
patients. Conversion to internal biliary drainage at 3 to 7 days after 
the initial procedure was successful in 48 (87%) of 55 patients in whom 
it was attempted. As shown below, with the exception of 4 patients, 


periprocedure antibiotic prophylaxis was routine and included cover- 


age for both aerobic and anaerobic organisms. 


Periprocedure Antibiotic 
Prophylaxis in 221 Patients 
Undergoing Successful PTC No. (%) of Patients 
Administration 
4to6h prior to PTC 
30 to 60 min priorto PTC 
3 to 4 doses after PTC for 24 h 
Intravenous antimicrobials 
Gentamicin sulfate, 
clindamycin phosphate 86 
Gentamicin sulfate, 
metronidazole 63 
Cefoxitin sodium 43 
Other 25 
None 4 
Total 221 
Previous antiboties 44/221 (20) 


Forty-four patients (20%) who had received therapeutic antibiotics 
starting at the time of acute admission to the hospital had this therapy 
discontinued for a minimum of 3 days prior to PTC. 

Patients with obstructive jaundice who underwent PTC and PTBD 
prior to the operation were compared with those who underwent 
preoperative PTC alone. Unpaired Student’s t test was used to assess 
significance. Nonparametric data were evaluated using the ,’ test. 
Significance was defined as P<.05. 
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RESULTS 


As shown below, 49 major procedure-related complication 
occurred in 39 patients for an overall morbidity rate of 18%. 


Complications No. of Patients 
Cholangitis 

Intra-abdominal bleeding 
Septicemia 

Intra-abdominal bile leakage 
Perforated gallbladder 
Subphrenic abscess 
Subcasular hematoma 
Pancreatitis 

Pneumothorax 
Pneumohemothorax 

Septic shock 

Biliothorax 

Total 49 


KeNNNNbwwop N 


Cholangitis, the most frequent complication (24 of 38 p 
tients), occurred within 2 hours of the procedure and require 
administration of therapeutic antibiotics for 2 to 10 days afte: 
PTC. Two of three patients with septicemia were subse 
quently found to have subhepatic abscesses that were drainee 
at the time of elective operation. In both patients, the absces. 
was secondary to a localized perforation of the gallbladder 
that had occurred at the time of the PTC. Organisms growr 
from each subhepatic abscess were identical to those obtained 
from the bile sample during PTC. One patient went into septic 
shock during the procedure and required resuscitation with a 
large volume of intravenous fluid as well as administration oʻ 
therapeutic antibiotics. 

Five patients required a tight tube thoracostomy witk 
closed drainage to evacuate air (two patients), blood (two 
patients), and bile (one patient) for 2, 3, and 5 days, respec- 
tively. Long-term thoracic sequelae did not occur in any of 
these patients. Hepatic bleeding occurred in six patients. It 
was minimal in two of these patients and contained (subcapsu- 
lar hematoma) in another two. Brisk and sustained bleeding 
from the liver surface in two patients with cirrhosis require 
emergency celiotomy and cauterization of the catheter-in- 
duced hepatic laceration. 

Three patients with known, asymptomatic, intra-abdo 
nal bile leaks from the hepatic surface were treated ex 
tantly with intravenous fluids and systemic antibiotics a 
recovered without any long-term complications. One othe 
patient with cirrhosis developed signs and symptoms of bil 
peritonitis within several hours of the procedure. Continue 
clinical deterioration prompted emergency celiotomy an 
cholecystectomy for treatment of a catheter-induced lacera- 
tion of the gallbladder. This patient had an uneventful postop- 
erative course and did not require any further surgical inter- 
vention. Although transient elevations in serum amylase 
levels occurred after PTC in a majority of patients, only two 
patients developed symptomatic pancreatitis. In both in- 
stances, the patients rapidly responded (within 48 hours) toi 
intravenous fluid administration and nasogastric suction 
without further sequelae. 

Two patients (1%) died as a direct result of complications 
secondary to PTC. A 58-year-old man with alcoholic cirrhosis 
developed intra-abdominal bleeding secondary to a laceration 
of the liver surface. Continued bleeding prompted an emer- 
gency celiotomy. Despite immediate control of the bleeding 
site along with restoration of circulating blood volume, the 
patient developed irreversible shock and died in the surgical 
intensive care unit within 3 hours of the operation. The second 
death was late, at 45 days, and occurred in an 89-year-old 
diabetie man with choledocholithiasis. He developed septic 
shock following PTC with placement of an external biliary 
drainage catheter. Although initially resuscitated, he eventu- 









Percutaneous Transhepatic Cholangiography —Sirinek & Levine 





Operation + PTC 
No. (%) of Patients 
(n=54) 
Morbidity 


Cholangiography i 12 (22) 


Table 2.—Comparison of Morbidity and Mortality Between Patients Undergoing Percutaneous Transhepatic Cholangiography (PTC) 
With and Without Preoperative Biliary Drainage (PTBD) 





Total Operations 
No. (%) of Patients 
(n= 138) 


Operation + PTC + PTBD 
No. (%) of Patients 
(n=84) 


18 (21) 30 (22) 


Operation 8 (15) 9 (11) 17 (12) 


- Total 20 (37) 


Mortality 
Cholangiography 0 (0) 


Operation 6 (11) 
Total 6 (11) 


ally succumbed to continued septicemia, acute oliguric renal 
failure, and multiorgan systemdysfunction. 

Preoperative biliary decompression via a percutaneous 
transhepatic catheter was employed in 84 patients with 
extrahepatic obstruction of the biliary tract. Sixty-nine (82%) 
of these patients had a statistically significant (P<.05) de- 
crease in serum total bilirubin levels (from 229 + 36 mol/L to 
99+24 pmol/L) over an average of 11 days of preoperative 
hospitalization. Serum total bilirubin levels increased in 4 
patients and remained essentially unchanged in 11 patients 
despite technical success and seemingly adequate drainage of 
the obstructed biliary tract. One death and 18 complications 
(21%) occurred in this group of 84 patients who had undergone 
combined PTC and PTBD (Table 2). Compared with the 54 
patients who had undergone PTC alone prior to operation, 
there was no statistically significant difference in morbidity 
(22% vs 21%) and mortality (0% vs 1%) for those patients who 
had had preoperative biliary drainage (Table 2). 

Eighty-four patients with obstructive jaundice secondary 
to benign disease and 54 patients with obstructive jaundice 
secondary to malignant disease underwent a surgical proce- 
dure. There were 14 deaths (10%) and 17 nonfatal complica- 
tions (12%) involving the lung (7 patients) and wound (5 
patients) in the majority of patients (Table 2).There was no 
difference in postoperative morbidity (15% vs 11%) and mor- 
tality (11% vs 10%) between those patients with or without 
preoperative drainage of the biliary tract (Table 2). In addi- 
tion, there was no difference in the combined (operation plus 
PTC) morbidity (87% vs 32%) and mortality (11% vs 11%) 
between those patients with or without PTBD prior to surgi- 
cal intervention (Table 2). 


COMMENT 


In 1921, Burckhardt and Mueller” described a method of 
direct injection of radiopaque dye into the gallbladder 
through the anterior abdominal wall. Royer’ modified this 
approach by using a peritoneoscope to guide the needle. 
Although successful radiologic examinations were reported, 
the procedure failed to gain clinical acceptance due to the 
occurrence of bile peritonitis following withdrawal of the 
needle.” 

In 1937, Huard-Du” reported their technique of explora- 
tion of the hepatic ducts by percutaneous punczure of the 
liver. Subsequent reports by Carter and Saypol” in 1952 and 
by Remolar et al” in 1956 introduced the technique into this 
country. However, PTC failedto gain acceptance as a safe and 
reliable diagnostic procedure until Okuda et al* reported their 
results using the Chiba needle. More recently, Harbin et al” 
reviewed and compiled data from 33 published series involv- 
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27 (32) 47 (34) 
1 (1) 1 (1) 
8 (10) 14 (10) 
9 (11) 15 (11) 


ing 10 or more patients over a 20-year period. Following 2464 
PTCs using the Chiba fine needle, bile leakage occurred in 
3.5% of patients and intraperitoneal hemorrhage in 1.8% of 
patients. The overall mortality rate was 0.37%. Because of 
varied reporting and surgical exploration being performed 
shortly after cholangiography, the incidence of sepsis could 
not be accurately estimated.” 

In the present series of 221 patients with jaundice, 30 
patients (18%) developed 49 complications. The incidence of 
bile leakage (2.7%) from the liver and gallbladder and intra- 
abdominal bleeding (1.8%) compare favorably with the re- 
sults of reported series. Septic complications, including cho- 
langitis (24 patients), septicemia (3 patients), and septic shock 
(1 patient), accounted for the majority (57%) of complications. 
The overall incidence of septic complications (12.7%) for the 
entire series of patients undergoing PTC is excellent com- 
pared with a reported mean incidence of cholangitis of 30% 
(range, 14.5% to 50%) in patients following PTC with PTBD." 
Twenty (71%) of these 28 patients with septic complications 
were part of that group of 44 patients who had documented 
sepsis at the time of hospital admission and required treat- 
ment with systemic antibiotics for variable time periods prior 
to PTC. 

Two (1%) of 221 patients died as a direct result of PTC 
secondary to intra-abdominal bleeding (early) and septic 
shock (later). Death secondary to hemorrhage and irrevers- 
ible hypovolemic shock occurred in a patient with alcoholic 
cirrhosis and a nonobstructed extrahepatic biliary tract. Fail- 
ure to embolize the PTC catheter tract in this patient with 
portal hypertension and coagulation abnormalities led to his 
death despite intraoperative control of the bleeding site. 
Death secondary to sepsis cccurred in an elderly man with 
diabetes who initially presented with ascending cholangitis 
secondary to choledocholithiasis. Whether his death could 
have been prevented by operative rather than catheter de- 
compression of his obstructed common bile duct is purely 
speculative. The reported mortality of 1% for this series is 
comparable with that reported for larger series.” 

Cannulation of a bile duct and adequate cholangiography 
were successfully performed during the initial procedure in 
213 (94%) of 226 patients. Five (2%) of the remaining 13 
patients had technical failures after a second attempt at PTC 
on a subsequent day. As with any technical procedure, there 
is a “learning curve” for achieving a high success rate with 
minimal morbidity. In the present series, 8 of 13 initial fail- 
ures and all 5 secondary failures occurred during the first 24 
months of the 7-year study period. Both patients who died and 
41% of the patients who sustained nonseptic complications 
had undergone PTC during this early phase. 

In 1974, Molnar and Stockman’ reported on their use of 
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internal biliary drainage with PTC in 11 patients with ob- 
structive jaundice. Following intrahepatic biliary tree cannu- 
lation, the catheter was advanced through the extrahepatic 
obstructing lesions and into the gastrointestinal tract. Side 
ports in the proximal catheter allowed it to act as a conduit for 
bile to enter the duodenum. Following Molnar and Stock- 
man’s initiative, PTC with either external or internal biliary 
drainage is now a routine and readily available form of thera- 
py for patients with obstructive jaundice secondary to both 
benign or malignant disease.”"” Percutaneous transhepatic 
cholangiography with PTBD may be a therapeutic adjunct 
prior to surgical intervention or it may provide adequate 
palliation for high-risk patients and for those patients who 
have cancer with widely disseminated disease. 

Recent reports have cautioned against the indiscriminate 
use of PTC with or without PTBD because of the associated 
complications of the procedure.“ The authors of these re- 
ports contend that the physiologic benefits of biliary decom- 
pression and decreased serum bilirubin levels may be negated 
by the associated complications of the procedure itself. Smith 
et al” showed that the PTC-induced complications cancelled 
the benefits of reduced surgical complications in those pa- 
tients with preoperative biliary decompression. McPherson 
et al” reported an even worse scenario for PTC with PTBD. 
In a randomized, controlled, prospective study, patients who 
underwent PTC with PTBD had a significantly higher postop- 
erative mortality (32% vs 19%) than those who had undergone 
surgical intervention without prior drainage of the biliary 
tract. 

In the present series, 18 (17%) of 104 patients developed 
complications following PTC alone compared with 21 (18%) of 
117 patients who had PTC with PTBD. A significantly higher 


morbidity of 24% (15/62) for PTC alone occurred in those 
patients with obstructivejaundice compared with a morbidity 
of 7% (8/42) for those patients without biliary tract obstruc- 
tion. This again reflects the high incidence of septic complica- 
tions secondary to bactobilia in patients with obstruction of 
the extrahepatic biliary tract. Eighteen (21%) of 84 patients 
who underwent PTC and PTBD who eventually underwent 
an operation developed complications, compared with a mor- 
bidity o7 9% (3/33) for a group of patients who underwent PTC 
and PTBD with no operation. Although this difference is 
statistically significant, it may reflect surgical biases since 
this seres is both retrospective and nonrandomized. Despite 
a signifcant decrease in serum total bilirubin levels (from 
229+36 pmol/L to 99+24 pmol/L) in 84 patients prior to 
operation, there was no difference in the rate of operative 
morbidizy and mortality eompared with those patients with- 
out biliary decompression prior to surgical intervention (Ta- 
ble 2). This finding of no therapeutic benefit agrees with the 
previously described results of Smith et al” and McPherson et 
al. 

Percutaneous transhepatic cholangiography is an invasive 
radiologic procedure that provides accurate and vital infor- 
mation in the diagnostic workup of the patient with jaundice. 
This benefit is accrued at the expense of minimal mortality, 
but with significant morbidity in these critically ill patients. 
The majority of complications are septic. Patients with prior 
episodes of ascending cholangitis are at high risk for recrudes- 
cence of this at the time of catheter manipulation within the 
obstructed biliary tree. Studied retrospectively, preoper- 
ative PTBD appears to offer no therapeutic benefit in this 
group of patients with extrahepatic obstruction of the biliary 
tree as aresult of benign or malignant disease processes. 
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è Serious complications involving the alimentary tract are 
commonly reported following cardiac transplantation, and may 
be associated with significant morbidity and mortality. The aim of 
this report was to review the incidence, severity, and outcome of 
abdominal complications in our heart transplant population in 
whom we used corticosteroid-sparing protocols for immunosup- 
pression. From March 1985 through September 1988, 178 pa- 
tients underwent 185 cardiac transplants. Twenty-six cardiac 
transplant recipients (15%) sustained 33 major abdominal com- 
plications, including gastrointestinal bleeding (n = 8), pancreati- 
tis (n = 8), bowel perforation (n= 6), cholecystitis (n = 4), and mis- 
cellaneous other problems (n=7). Operative therapy was 
required in 61% of cases. No deaths were caused by the gastroin- 
testinal complications or their operative management. Cortico- 
steroid-sparing immunosuppression may be responsible for the 
low incidence of abdominal morbidity, and early, aggressive 
surgical intervention may reduce subsequent mortality. 

(Arch Surg. 1989;124:889-894) 


R emarkable improvement in patient survival following 
cardiac transplantation has been described by several 
authors in recent years. ™” While prevention and management 
of rejection and infection remain the primary areas of concern 
in the care of these patients,“ complications involving the 
alimentary tract are associated with significant morbidity and 
may be life threatening.*" Case-fatality rates of up to 33% 
have been reported following gastrointestinal complications 
in these patients.*” 

Since the establishment of the Utah Transplantation Affili- 
ated Hospitals (University of Utah Medical Center, Salt Lake 
City Veterans Administration Medical Center, and Latter 
Day Saints Hospital) Cardiac Transplant Program in 1985, we 
utilized corticosteroid-sparing protocols for immunosuppres- 
sion. We routinely used prophylactic anti-T cell therapy in 
the early postoperative period and made active attempts to 
wean patients from corticosteroids that are administered on a 
long-term basis.**’ Corticosteroid-sparing maintenance im- 
munosuppression has a number of distinct advantages, in- 
cluding less fluid retention, decreased obesity, lower choles- 
terol levels, less hypertension, less drug-induced diabetes, 
and decreased susceptibility to infection.” While using these 
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corticosteroid-sparing protocols, we also observed a relative- 
ly low incidence of major abdominal morbidity, and the clinical 
course of most of these patients has been surprisingly benign. 

This report presents our experience with complications 
involving the alimentary tract following cardiac transplanta- 
tion. We analyze factors that may predispose to the develop- 
ment of gastrointestinal morbidity and emphasize our strate- 
gies for concurrent management of immunosuppression. 


MATERIALS AND METHODS 


We reviewed the records of 178 patients who underwent 185 con- 
secutive orthotopic heart transplants in the Utah Transplantation 
Affiliated Hospitals from March 1985 through September 1988 to 
identify patients who sustained abdominal complications in the post- 
transplant period. Cardiac transplants were performed in a standard 
fashion.” Our protocol for immunosuppression of patients undergo- 
ing cardiac transplants was recently described in detail.” Prophylac- 
tic anti-T cell therapy against early rejection entailed the use of 
either murine monoclonal CD-3 antibody (Orthoclone OKT3) or 
equine antithymocyte globulin (ATGAM)."” Cytolytie therapy with 
one of the above agents continued for 7 to 14 days, after which most 
patients received oral prednisone (1 mg/kg of body weight per day) 
for 5 to 7 days. Corticosteroids were then tapered and discontinued 
over 2 weeks, unless rejection developed. 

We performed transvenous endomyocardial biopsies at regularly 
scheduled intervals for early detection of allograft rejection and 
scored the histologic results in a manner described elsewhere.” 
Rejection was treated with pulsed doses of corticosteroids or cytolyt- 
ic therapy, depending on the histologic grade and hemodynamic 
consequences of the rejection episode. Following resolution of rejee- 
tion, we repeatedly attempted to wean patients from corticosteroid 
maintenance, unless the patient developed at least three separate 
rejection episodes during withdrawal of corticosteroids. In these 
cases, the transplant recipient was maintained on the lowest possible 
corticosteroid dose that prevented recurrent allograft rejection. 

Chronic maintenance immunosuppression consisted of cyclospar- 
ine (Sandimmune) and azathioprine (Imuran), using low-dose predni- 
sone only when cyclosporine and azathioprine failed to prevent rejec- 
tion. Additionally, 92 patients participated in a prospective trial using 
vincristine sulfate (Oncovin), a lymphocytotoxie agent, for late- 
rejection prophylaxis.” Patients who received vincristine sulfate 
were given six intravenous doses (0.025 mg/kg) over a 12-week 
period. 

We defined “major” morbidity involving the alimentary tract as 
any complication that prolonged the initial hospitalization, prompted 
hospital admission, or required surgica! intervention. We also in- 
cluded any patient who died with a significant abdominal complication 
identified at postmortem examination if analysis indicated that the 
complication may have contributed to the patient’s death. Gastrain- 
testinal morbidity that did not require inpatient treatment or surgical 
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Fig 1.—Chart showing the relative frequency of the various medical 
indications for cardiac transplantation. “Others” include patients with 
congenital heart disease, myocarditis, and allograft coronary artery 
disease. 


intervention was classified as “minor.” Incidental gastrointestinal 
abnormalities discovered at autopsy were also reported, but extra- 
abdominal infections and wound complications related to the trans- 
plant procedure itself were-excluded. 

When major abdomina! complications were identified, most pa- 
tients underwent immediate endomyocardial biopsy to rule out con- 
current rejection. If biopsy results were negative for rejection, corti- 
costeroids were rapidly tapered to low doses or discontinued to 
minimize septic complications and to avoid wound-healing problems 
in patients requiring operation. When abdominal complications de- 
veloped during the treatment of a rejection episode, cytolytic therapy 
was often initiated with menoelonal CD-3 antibody, antithymocyte 
globulin, or antilymphoblast globulin (Minnesota ALG) to minimize 
corticosteroid use. Cyclosporine doses were adjusted to maintain 
therapeutic levels and to minimize renal dysfunction. Azathioprine 
doses were adjusted downward in the presence of leukopenia, and 
cyclophosphamide (Cytoxan) was substituted for azathioprine in 
cases of pancreatitis. Frequent biopsy surveillance for rejection was 
continued throughout the period of complication management. 

General management of abdominal complications included a policy 
favoring early hospital admission, aggressive workup, and applica- 
tion of standard medical and operative therapies as needed. The 
records of all patients who died following an abdominal complication 
were carefully reviewed to determine whether the complication or 
operative therapy contributed to the patient’s death. 

Data were stored in a computer (IBM PC-AT, International Busi- 
ness Machines, Boca Raton, Fla) and analyzed using the Statistical 
Program for the Social Sciences (SPSS, Chicago, Ill). Data were 
expressed as mean (+SEM), unless noted otherwise. Two-tailed t 
tests and y” analysis were used to compare characteristics of patients 
who developed abdominal complieations with those who did not. The 
null hypothesis was rejected when P<.05. Multiple logistic regres- 
sion analysis was used to identify the independent impact of various 
patient factors on the development of morbidity involving the alimen- 
tary tract. Calculations of actuarial occurrence of abdominal compli- 
cations and actuarial survival were performed on a VAX computer 
(Digital, Maynard, Me) using the Statistical Program for the Social 
Sciences survival procedure. 


RESULTS 


The medical indications for cardiac transplantation in our 
series are shown in Fig 1. Anti—T cell prophylaxis was used in 
the early postoperative period in 97% of patients: 72% re- 
ceived monoclonal CD-3 antibody, 24% received antithymo- 
eyte globulin, and 1% received antilymphoblast globulin. The 
mean (+SEM) number of rejeetion episodes per patient at 4 
months, 1 year, and 2 years following transplantation was 
1.7+0.1, 2.7+0.2, and 2.9+0.2, respectively. Twelve per- 
cent of our patients had no rejection episodes. Corticosteroid 
maintenance was successfully discontinued in 57% of patients 
by 4 months following cardiac transplantation. 

Mean patient follow-up was 15.6+0.9 months (range, 0 to 
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Fig 2.—Life table calculations of survival for the entire transplant 
recipient population. 


42 months). Crude survival was 87% and actuarial survival at 
1, 2, and 3 years was 89%, 88%, and 86%, respectively (Fig 2). 
Deaths were caused by refractory rejection in 11 patients, 
pneumon.a in 4 patients, intraoperative events and sepsis in 3 
patients each, and hepatic failure, primary graft failure, pul- 
monary embolus, and trauma in 1 patient each. 

Following cardiac transplantation, 33 major abdominal 
complicat ons occurred in 26 patients, representing 15% of 
the entire study group. The types of complications are shown 
below. 


Type of Complication No. (%) of Patients 
Acute pancreatitis 8 (24) 
Gastroirtestinal bleeding 8 (24) 
Colonic perforation/fistula 4 (12) 
Biliary colic/cholecystitis 4 (12) 
Hepatitis 3 (10) 
Gastric/c uodenal perforation 2 (6) 
Abscess liver, 1; perirectal, 1) 2 (6) 
Generalized sepsis 2 (6) 
Total 33 (100) 


All colonic perforations were from diverticula. Hepatitis 
cases were included only if open surgical procedures were 
required far their diagnosis. “Sepsis” morbidity included 2 
patients who underwent exploratory celiotomy for suspected 
intra-abdominal sepsis and had negative findings. 

Clinical symptoms varied on initial presentation of the 
abdominal complications. Very few patients were asymptom- 
atic, but some had nonspecific complaints, especially those 
with pancreatitis. All patients with gastrointestinal perfora- 
tions had severe, acute abdominal pain, and all but one had 
evidence of free intraperitoneal air on roentgenogram. Five 
of eight patients with gastrointestinal bleeding had pain, and 
two of eight developed orthostatic hypotension or shock. 
Biliary trac: disease was heralded by typical right upper- 
quadrant pa'n with or without liver enzyme abnormalities in 
all cases. 

x’ Analysis and t tests showed no significant difference in 
pretransplart, perioperative, or posttransplant characteris- 
ties among patients who later developed gastrointestinal 
complications vs those who did not (Table 1). Regression 
analysis conf rmed that none of the above factors had predic- 
tive value with regard to subsequent development of a compli- 
cation of the climentary tract. Gastrointestinal morbidity was 
preceded by other stressful events in 85% of cases. These 
stressors included rejection episodes within 2 weeks (31%), 
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Table 1.—Comparison of Patient Characteristics Between 
Patients With Abdominal Complications (ACs) vs All Others 






Patients 
Without Patients 
Patient Factor ACs* With ACs* P 
Transplant indications, 
% ischemic 50 58 45 







47.6=11.7 50.4+ 12.9 .32 
















Ejection fraction, % 


Bypass time, min 125+3 120+6 .38 


Aortic crossclamp time, 

min 82+6 74+4 31 
Allograft ischemia time, 

min 161+5 160+ 10 91 
Prophylactic anti-T cell 

agent, % OKT3 72 77 .78 


Total No. of rejections 
per patient 2.5+0.1 2.3+0.3 .66 


*Data are expressed as mean+ SEM. OKT3 indicates monoclonal CD-3 





recent infections (23%), the early posttransplant period 
(23%), and shock and multiple factors (4% each). All of these 
patients were receiving corticosteroids at the time of their 
complication, and 33% of the complications occurred during a 
corticosteroid pulse. Morbidities represented exacerbations 
of known, preexisting conditions in only 12% of patients. 

The median time of occurrence of abdominal complications 
was 42 days post transplant (range, 2 days to 34 months); 42% 
occurred in the first month, 69% occurred in the first 3 
months, and 89% occurred in the first year. The cumulative 
incidence of abdominal complications at 1, 3, and 12 months 
was 5%, 9%, and 12%, respectively (Fig 3). 

An operation was required for the treatment or diagnosis of 
abdominal complications in 20 (61%) of cases. Surgical proce- 
dures included repair or resection of perforated bowel (n= 6), 
diagnostic celiotomy (n = 5), cholecystectomy (n= 4), abscess 
drainage (n=2), plication of a bleeding peptic ulcer (n=2), or 
pseudocyst drainage (n=1). The postoperative course was 
complicated in 20% of these procedures: superficial wound 
infection (n= 1), deep abscess (n= 1), and fascial dehiscence 
(n=2). Three patients required reoperation. 

Six (23%) of the 26 patients sustaining abdominal complica- 
tions died in the follow-up period. After careful scrutiny, no 
deaths were found to be primarily caused by the gastrointesti- 
nal morbidity or the operative procedure. The abdominal 
morbidity was felt to be a minor contributor to the patient’s 
antemortem deterioration in 3 cases: secondary involvement 
of an extra-abdominal process in 1 patient, and unrelated to 
the primary cause of death in the remaining 2 patients. 

Minor abdominal complications occurred in 23 patients 
(18%) and included vincristine-related enteropathy (n=6), 
drug-induced or viral hepatitis (n=5), fungal or viral ulcer- 
ation of the alimentary tract (n=5), viral gastroenteritis 
(n=2), nonspecific colitis (n=2), uncomplicated peptic ulcer 
disease (n = 2), and untreated, mildly symptomatic gallstones 
(n= 1). Five (22%) of the 23 patients with minor complications 
subsequently died. Incidental autopsy findings of abdominal 
disease were identified in 3 additional patients, including 
unsuspected pancreatitis (n = 1), centrilobular hepatic necro- 
sis (n= 1), and herpetic esophagitis (n= 1). 


COMMENT 


The genesis of gastrointestinal morbidity in eardiac allo- 
graft recipients is multifactorial, perhaps related to preexist- 
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Fig 3.—Graph showing the cumulative proportion of patients sustain- 


ing gastrointestinal complications throughout the posttransplant 
period. 


ing individual patient factors, extracorporeal bypass, hemo- 
dynamic factors at the time of transplant, or posttransplant 
immunosuppression. The association of corticosteroids with 
major gastrointestinal morbidity has been well documented 
in the literature. Corticosteroids have been associated with 
an increased risk of peptic ulceration, gastrointestinal bleed- 
ing, pancreatitis, and bowel perforations. "*~ A temporal rela- 
tionship between abdominal complications and pulse doses of 
corticosteroids has also been observed. ”™ Furthermore, the 
morbidity observed in patients undergoing a heart transplant 
operation are remarkably similar to those found in the renal 
transplant literature where corticosteroid-based immuno- 
suppression was used. ”” 

In this series, we made an active effort to discontinue 
corticosteroids in all patients and were successful in the ma- 
jority of cases. No patient who was corticosteroid-free devel- 
oped a major abdominal complication; however, all patients 
sustaining gastrointestinal morbidity were receiving cortico- 
steroids at the time of the complication. Many of these morbi- 
dities occurred in the early posttransplant period or after 
recent episodes of rejection, ie, at times when corticosteroid 
doses were highest. Fully 33% of the abdominal complications 
occurred with a corticosteroid pulse, including every case of 
acute bowel perforation. 

Direct comparison of our experience with the literature is 
difficult due to variations in the inclusion criteria used by 
other authors.*" DiSesa et al’ reported abdominal complica- 
tions only in cardiac transplant patients who required opera- 
tions. Steed and associates” reported a large series of general 
surgical complications in heart and heart-lung recipients, but 
included patients with wound complications, vascular access 
problems, hernias, and other extra-abdominal morbidities. 
To compare these reports with our series, we reclassified 
their patients using our criteria for major abdominal compli- 
cations and summarized these data in Tables 2 and 3. The 
overall incidence of gastrointestinal morbidity in our series 
(15%) compares favorably with the reported experience in the 
literature (18% to 26%). Furthermore, we observed no mor- 
tality attributed to these complications or to their surgical 
management, while others reported case-fatality rates of up 
to 33%.*” These data suggest that corticosteroid-sparing im- 
munosuppression may have a prophylactic role in the preven- 
tion of abdominal complications, and that reduction of cortico- 
steroids at the time of an abdominal complication may lower 
subsequent morbidity and mortality. 
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Table 2.—Comparison of Current Series With Other Reports of Abdominal Complications in Cardiac Transplant Recipients 


Source, y 





Steed et al, 1985 
No. of patients 143 


No. (%) of patients 


with complications 21 (15) 
No. of complications 
(% operated on) 21 (48) 
Time of complication, 
No. (%) of patients 
1 mo 6 (29) 
3 mo 16 (76) 


Colon et al,* 1988 


DiSesa et al,* 1989 Present Series 






86 55 178 
22 (26) 10 (18) 26 (15) 
26 (50) 12 (100)* 33 (61) 

14 (42) 
21 (69) 


1y 17 (81) mag a 29 (89) 
No. (%) of deaths of 
patients with complications 10 (48) 9 (41) 1 (10) 6 (23) 
No. (%) of deaths 
due to complication 7 (33) 5 (23) 1 (20) 0 (0) 
*DiSesa et al? 


used operative intervention as an inclusion criterion. 









Table 3.—Comparison of Types of Abdominal Complications 
Reported in Cardiac Transplant Recipients 







No. (%) of Cases 
DN e, 


Type Collected Series* Present Series 











Pancreatitis 22 (38) 8 (24) 
Gastrointestinal 

bleeding 6 (10) 8 (24) 
Gastrointestinal 

perforation/fistula 10 (17) 6 (18) 


Cholecystitis B (14) 4 (12) 


Suspected abdominal 

sepsis/perforation 2 (3) 2 (6) 
Perirectal abscess 2 (3) 1 (3) 
Miscellaneous 9 (15) 4 (13) 


TOTAL 59 (100) 33 (100) 
*Collected data are from Colon et al,* DiSesa et al,° and Steed et al.'° 















Therapeutic reduction of immunosuppressive agents in the 
presence of abdomina! complications is not widely accepted in 
heart transplantation,” although there is one published case 
report in which all immunosuppressive medications were 
stopped in a cardiac allograft recipient for 8 months as a 
treatment for refractory sepsis, without biopsy evidence of 
rejection.” In our practice of frequent biopsy surveillance of 
patients with abdominal complications, we observed no cases 
of “rebound” rejection. This observation may, in part, be due 
to the immunosuppressive effects of infection, which have 
been demonstrated in surgical” and burned patients” with 
bacterial sepsis. Cytemegalovirus infections are relatively 
common in heart transplant recipients receiving cytolytic 
anti-T cell therapy, and these infections may also be immuno- 
suppressive.”* Since many abdominal complications involve 
viral or bacterial sepsis, they may provide a form of immuno- 
logic “distraction” that is protective against allograft 
rejection. 

Other immunosuppressive agents have been implicated in 
the genesis of abdominal complications. A relationship be- 
tween the use of azathioprine and pancreatitis has been dem- 
onstrated clinically,” and alterations in pancreatic function 
have been induced with azathioprine experimentally.” These 
reports were the basis for changing patients from azathio- 
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prine to cyclophosphamide in the presence of pancreatitis. 
Cyclosporine has been implicated as an agent that may cause 
pancreatitis or hepatobiliary problems. Hepatotoxicity is rel- 
atively common in cyclosporine-treated patients, occurring in 
nearly 50% of renal transplant recipients in a recent series.” 
These findings appeared to be dose-related, and most cases 
were mild and self-limited. Two percent of cyclosporine- 
treated patients developed new gallstones and 1% developed 
pancreatitis. These observations may be due to local toxic 
effects” er due to changes in bile acid composition.” It is likely 
that cyclosporine has contributed to the high incidence of liver 
enzyme abnormalities and pancreatitis seen in the cardiac 
transplant population.*” 

In addition to the specific side effects of immunosuppres- 
sive medications on various abdominal organs, they clearly 
increase the general risk of infection in these patients, and 
many of the observed abdominal complications were due to 
infection. Bacterial infections may be manifest as abscess 
formation, cholecystitis, or symptomatic diverticular dis- 
ease. Viral infections may cause hepatitis, gastrointestinal 
ulcerations, or pancreatitis." 

Extracorporeal bypass probably has some role in the devel- 
opment of abdominal morbidity. Gastrointestinal complica- 
tions have been reported in 0.3% to 2% of patients undergoing 
nontransplant cardiac surgery in recent series.“ Pancreati- 
tis, choleeystitis, gastrointestinal bleeding, and bowel perfo- 
rations were seen most frequently, similar to the complica- 
tions observed in cardiac transplant recipients. In reports 
that analyzed risk factors for abdominal morbidity, advanced 
age, preoperative hypotension, prolonged bypass time, prior 
median stenotomy, and emergency operation were associated 
with the increased occurrence of these gastrointestinal com- 
plications. *“ Some authors have suggested that visceral isch- 
emia plays an important role in the pathogenesis of these 
complications in patients undergoing cardiac surgery. 46“ 
The apparent association between hemodynamic factors and 
abdominal complications in nontransplant cardiac surgery 
prompted us to analyze our data for evidence of a similar 
relationship in cardiac transplant recipients. We compared 
patients with abdominal complications with those who did not 
sustain these complications with respect to the medical indi- 
cation for transplant, patient age, sex, preoperative ejection 
fraction, bypass times, donor heart ischemia time, anti-T cell 
agent used, and postoperative incidence of rejection (Table 
1). None of these factors were shown to be statistically differ- 
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ent between groups, although the low number of patients 
with major abdominal complications in our series may have 
caused type II error in this analysis. 

The correct strategy for pretransplant management of pa- 
tients with known gastrointestinal disease is not clear from 
our experience. We certainly feel that heart transplant candi- 
dates should be screened for abdominal problems with careful 
histories and directed workups. Recommendations for surgi- 
cal therapy of alimentary tract disease before cardiac trans- 
plantation must be individualized. Evaluation must include an 
assessment of the patient’s cardiac risk for surgery; the pres- 
ence, absence, or severity of gastrointestinal symptoms; and 
the possible consequences of an exacerbation post transplant. 
Since only 12% of patients with an abdominal complication had 
known preexisting disease, these considerations were pre- 
sent in a small minority of patients. 

The overall incidence of general surgical problems in pa- 
tients undergoing cardiac transplants is approximately 10 
times greater than in patients undergoing nontransplant car- 
diac surgery.” Since many of these are septic processes, 
one might predict that they would be more lethal in an immun- 
ocompromised cardiac transplant recipient. To the contrary, 
case-fatality rates of 24% to 63% have been reported in non- 
transplant cardiac surgery,” as compared with 0% to 33% in 


cardiac transplant recipients (Table 2). It is likely that the 
benefit of having a vigorous cardiac allograft outweighs the 
negative impact of immunosuppression with regard to an 
individual patient’s ability to survive a major complication 
involving the alimentary tract. 

The surgical management of abdominal complications 
should be technically conservative. The stability of the pa- 
tient should be considered when planning the magnitude of 
the procedure. For example, simple ulcer plication should be 
chosen over an acid-reducing procedure for treatment of the 
bleeding ulcer in a patient whose condition is unstable. The 
frequent use of temporary stomas (rather than primary anas- 
tomosis) is indicated in most cases, and retention sutures 
should be placed liberally in these high-risk wounds. It is 
preferable to plan the abdominal incision in such a way that it 
will not communicate with the sternotomy incision to avoid 
potential cross-contamination of the mediastinum. Finally, 
the liberal use of diagnostic celiotomy is recommended, since 
the morbidity of an exploration with negative results is less 
than the morbidity of an undiagnosed and untreated source of 
sepsis in these patients. 


The authors are grateful to Martha Noll for her assistance with manuscript 
preparation. 


References 


1. Renlund DG, Bristow MR, Burton NA, Jones KW, Karweande SV, Gay 
WA. Survival following cardiac transplantation: what are acceptable stan- 
dards? West J Med. 1987;146:627-630. 

2. Melvin DB, Flege JB. Heart transplantation in Cincinnati. J Heart Trans- 
plant. 1986;6:48. 

3. Modry DL, Kaye MP. Heart and heart-lung transplantation: the Canadi- 
an and world experience. Can J Surg. 1986;29:275-279. 

4, Gilbert EM, Eiswirth CC, Renlund DG, et al. Use of Orthoclone OKT3 
monoclonal antibody in cardiac transplantation: early experience with rejection 
prophylaxis and treatment of refractory rejection. Transplant Proc. 
1987;19:45-53. 

5. Dresdale AR, Drusin RE, Lamb J, Smith CR, Reemtsma K, Rose EA. 
Reduced infection in cardiac transplant patients. Circulation. 1985;72(suppl 
2):237-240, 

6. Andreone PA, Olivari MT, Elick B, et al. Reduction of infectious compli- 
cations following heart transplantation with triple-drug immunotherapy. J 
Heart Transplant. 1986;5:13-19. 

7. Hofflin MJ, Potasman I, Baldwin JC, Oyer PE, Stinson EB, Remington 
JS. Infectious complications in heart transplant recipients receiving cyclospor- 
ine and corticosteroids. Ann Intern Med. 1987;106:209-216. 

8. Colon R, Frazier OH, Kahan BD, et al. Complications in cardiac trans- 
plant patients requiring general surgery. Surgery. 1988;103:32-38. 

9. DiSesa VJ, Kirkman RL, Tilney NL, Mudge GH, Collins JJ, Cohn LH. 
Management of general surgical complications following cardiac transplanta- 
tion. Arch Surg. 1989;124:539-541. 

10 Steed DL, Brown B, Reilly JJ, et al. General surgical complications in 
heart and heart-lung transplantation. Surgery. 1985;98:739-744. 

11. Cooper DKC, Becerra EA, Novitazky D, Ozinsky J, Horak A, Reichart 
B. Surgery in patients with heart transplants: anesthetic and operative consid- 
erations, S Afr Med J. 1986;70:137-142. 

12. Gay WA, O'Connell JG, Burton NA, Karwande SV, Renlund DG, Bris- 
tow MR. OKT3 monoclonal antibody in cardiac transplantation: experience 
with 102 patients. Ann Surg. 1988;208:287-290. 

13. Renlund DG, O’Connell JB, Gilbert EM, Watson FS, Bristow MR. 
Feasibility of discontinuation of corticosteroid maintenance therapy in heart 
transplantation. J Heart Transplant. 1987;6:71-78. 

14. Renlund DG, Bristow MR, Crandall BG, et al. Hypercholesterolemia 
after cardiac transplantation: amelioration by corticosteroid-free maintenance 
immunosuppression. J Heart Transplant. 1989;8:214-220. 

15. Katz MR, Barnhart GR, Szentpetery S, et al. Reduction in adverse 
effects in cardiac transplant recipients with steroid free maintenance immuno- 
suppression. J Heart Transplant. 1988;7:89. Abstract. 

16. Gay WA. Cardiac transplantation: a surgical perspective. J Cardioth- 
orac Anesth. 1988;2:513-518. 

17. Renlund DG, O’Connell JB, Gilbert AM, et al. A prospective comparison 
of monoclonal CD-3 antibody (OKT3)-based rejection prophylaxis and equine 
antithymocyte globulin—based rejection prophylaxis in cardiac transplantation: 
decreased rejection and corticosteroid use with OKT3. Transplantation. 
1989;47:599-605. 

18. Gilbert EM, Renlund DG, O’Connell JB, Eiswirth CC, Gay WA, Bristow 
MR. Immunosuppressive efficacy of vincristine in heart transplantation: a 


Arch Surg—Vol 124, August 1989 


preliminary report. J Heart Transplant. 1987;6:369-374. 
19. Messer J, Reitman D, Sacks HS, Smith H, Chalmers TC. Association of 
ae, therapy and peptic ulcer disease. N Engl J Med. 1983;309:21- 


e Henry DA, Johnston A, Dobson A, Duggan J. Fatal peptic ulcer compli- 
cations and the use of non-steroidal anti-inflammatory drugs, aspirin, and 
corticosteroids. Br J Med. 1987;295:1227-1229. 

21. Sterioff S, Orringer MB, Cameron JL. Colon perforations associated 
with steroid therapy. Surgery. 1974;75:56-58. 

22. Dayton MT, Kleckner SC, Brown DK. Peptic ulcer perforation associ- 
ated with steroid use. Arch Surg. 1987;122:376-380. 

23. Rigotti P, Van Buren CT, Payne WD, Peters C, Kahan BD. Gastrointes- 
tinal perforations in renal transplant recipients immunosuppressed with cyclo- 
sporine. World J Surg. 1986;10:137-141. 

24. Faro RS, Corry RJ. Management of surgical gastrointestinal complica- 
tions in renal transplant recipients. Arch Surg. 1979;114:310-312. 

25. Julien PJ, Goldberg HI, Margulis AR, Belzer FO. Gastrointestinal 
complications following renal transplantation. Diagn Radiol. 1978;117:37-43. 

26. Hubbard SG, Bivins BA, Lucas BA, Litvak AS. Acute abdomen in the 
transplant patient. Am Surg. 1980;46:116-120. 

27. Owens ML, Wilson SE, Saltzman R, Gordon HE. Gastrointestinal com- 
plications after renal transplantation. Arch Surg. 1976;111:467-471. 

28. Pollack MS, Short HD, Young JB, Piwinski SE, Callaway C, DeBakey 
ME. Graft stability in a heart transplant recipient whose immunosuppressive 
therapy was discontinued for & months. Transplantation. 1988;45:242-243. 

29. Dahn MS, Whitcomb MP, Lange MP, Jacobs LA. Altered T-lymphocyte 
subsets in severe sepsis. Am Surg. 1988;54:450-455. 

30. Stratta RJ, Warden GD, Ninneman JL, Saffle RJ. Immunologic parame- 
ters in burned patients: effect of therapeutic interventions. J Trawma. 
1986;265:7-17. 

31. Carney WP, Rubin RH, Hoffman RA, Hansen WP, Healey K, Hirsch 
MS. Analysis of T-lymphocyte subsets in cytomegalovirus mononucleosis, J 
Immunol. 1981;126:2114-2116. 

32. Dafoe DC, Stoolman LM, Campbell DA, Lorber MI, Waskerwitz J, 
Turcotte JG. T cell subset patterns in cyclosporine-treated renal transplant 
recipients with primary cytomegalovirus disease. Transplantation. 1987; 
43:452-454. 

33. Sturdevant RAL, Singleton JW, Deren JJ, Law DH, McCleery JL. 
Pancreatitis in patients ‘with Crohn’s disease. Gastroenterology. 1979;77:883- 
891. 

34. Broe PJ, CameronJL. Azathioprine and acute pancreatitis: studies with 
an isolated perfused canine pancreas. J Surg Res. 1983;34:179-163. 

35. Lorber MI, Van Buren CT, Flechner SM, Williams C, Kahan BD. 
Hepatobiliary and pancreatic complications of cyclosporine therapy in 466 renal 
transplant recipients. Transplantation. 1987;43:35-40. 

36. Kahan BD, Flechner SM, Lorber MI, Golden D, Conley S, Van Buren 
CT. Complications of cyclosporine-prednisone immunosuppression in 402 renal 
allograft recipients exclusively followed at a single center for from one to five 
years. Transplantation. 1987;43:197-204. 

37. Rotolo FS, Branum GD, Bowewers BA, Meyers WC. Effect of cyclo- 
sporine on bile secretion in rats. Am J Surg. 1986;151:35-40. 


Major Abdominal Complications—Merrelletal 893 


38. Aziz S, Bergdahl L, Baldwin JC, et al. Pancreatitis after cardiac and 
cardiopulmonary transplantation. Surgery. 1985;97:653-660, 

_ 89. Sinnnott JT, Cullison JP. Rogers K. Treatment of cytomegalovirus 
gastrointestinal ulceration in a heart transplant patient. J Heart Transplant. 
1987;6:186-188. 

_ 40. Bramwell NH, Davies RA, Kosmal A, Tse GN , Keon WJ, Walley VM. 
Fatal gastrointestinal hemorrhage caused by cytomegalovirus duodenitis and 
uleeration after heart transplantation. J Heart Transplant. 1987:6:303-306. 

41. Hoffus JM, Putasman J, Baldwin JC, Oyer PE, Stinson EB, Remington 
JS. Infectious complications in heart transplant recipients receiving cyclospor- 
ine and corticosteroid. Ann Intern Med. 1987 ;106:209-216. 

42. Krasna MJ, Flancbaum L, Trooskin SZ, et al. Gastrointestinal complica- 
tions after cardiac surgery. Surgery. 1988;104:773-780, 

43. Rosemurgy AS, McAllister E, Karl RC. The acute surgical abdomen 
after cardiac surgery involving extracorporeal circulation. Ann Surg. 


1988;207:323-326, 

44. Lettman IM, Paull DE, Barie PS, Isom OW, Shires GT. Intra-abdominal 
complications of cardiopulmonary bypass operations. Surg Gynecol Obstet. 
1987;165:251-254. 

45. Pinson CW, Alberty RE. General surgical complications after cardiopul- 
monary bypass surgery. Am J Surg. 1983;146:133-137. 

46. Rose DM, Ranson JC, Cunningham JN, Spencer FC. Patterns of severe 
ima injury following cardiopulmonary bypass. Ann Surg. 1984;199:168- 


47. Chenoweth DE, Cooper SW, Hugli TE, Stewart RW, Blackstone EH, 
Kirklin JW. Complement activation during cardiopulmonary bypass: evidence 
for generation of C3a and C5a anaphylotoxins. N Engl J Med. 1981;304:497-503. 

48. Hanks JB, Curtis SE, Hanks BB, Andersen DK, Cox JL, Jones RC. 
Gastrointestinal complications after cardiopulmonary bypass. Surgery. 
1982;92:394-400. 


Discussion 


ROBERT J. Corry, MD, Iowa City, Iowa: We reviewed a series of 
585 renal transplant reeipients in which there were 7 patients with 
colon perforation, which is essentially the most lethal of all the 
gastrointestinal complications. Perforations in this group occurred 
within 27 days after the transplant procedure, and 6 of the 7 were 
receiving high-dose corticosteroids. Only 1 patient died. We too 
emphasized immediate cperation with resection and thorough perito- 
neal débridement. Since newer corticosteroid-sparing immunosup- 
pressive strategies have beer employed in our group of patients 
undergoing kidney and organ transplants, we have not seen this or 
other gastrointestinal eamplications. 

The message is clear, ie, we should reduce corticosteroid doses or 
eliminate them altogether if possible. Some of the cardiac transplant 
groups are doing this, including our own in Iowa City, where we are 
using azathioprine (Imuran) and cyclosporine without cortico- 
steroids. 

I have one question: In the six patients who died, how many of the 
deaths were due to colonor upper gastrointestinal perforations? 

JAMES M. BECKER, MD, St Louis, Mo: I have had the privilege over 
the last several years of personally interacting as a gastrointestinal 
surgeon with both the Utah and Washington University (St Louis) 
transplant programs. The Washington University experience over 
the last 3 years includes 106 patients. Unlike the Utah protocol, all of 
our patients at Washington University have been managed with the 
so-called triple immunosuppressive therapy, which includes cyclo- 
sporine A, azathioprine, and low-dose prednisone. We have had no 
episodes of gastrointestinal bleeding vs the 4% rate outlined in the 
Utah study. Three percent of the patients have had pancreatitis vs 
4% in the Utah study. Fifteen patients required 21 major operations. 
Of these 21 operations, only 5 were for major abdominal emergencies, 
including 1 cecostomy, 1 colectomy, 2 cholecystectomies, and 1 psoas 
abscess. | 

None of these operations precipitated an episode of rejection. Most 
importantly, by using triple therapy our incidence of rejection has 
been very low. At 12 morths after cardiac transplantation, the inci- 
dence was 0.5 episodes of rejection per patient vs 2.7 episodes of 
rejection per patient reported from the Utah study. 

Since a vast majority of the major abdominal complications in the 
Utah series followed or were associated with an episode of rejection 
that then required pulsing with high-dose corticosteroids, is it not 
possible that the immunosuppressive regimen at Utah actually con- 
tributed to the abdominal complications rather than prevented them? 
Since the complication rete in all cardiac transplantation centers, 
regardless of their regimen of immunosuppression, has decreased 
markedly in the last several years, is it not possible that there were 
factors idles than low-dose corticosteroids that contributed to these 
complications? 

RONALD G. LATIMER, Santa Barbara, Calif: In the field of renal 
transplantation it has been suggested that patients who have preex- 
isting diseases such as diverticulosis or a previous history of ulcer 
disease be prepared by seme type of ulcer operation or perhaps a 
colon resection., First, for patients having a previous history of such 
diseases, would you advise exchiding those patients from cardiac 
transplantation? Second, co you have any speculation on the mecha- 
nism of pancreatitis in your patients? 

Dr NELSON: This large series of cardiac transplantations presents 
enviable results in terms of cardiac graft function and patient surviv- 
al, specifically in patients who have had posttransplant abdominal 
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complications. 

Before addressing the specific questions, I would like to put this 
report in some perspective, specifically the perspective of a surgeon 
who is occasionally called to see cardiac transplant patients with 
abdominal pain. It is important to realize that the cardiac surgeons 
are now “catching up” with the experience that those of us in renal 
transplantation have had relative to abdominal complications occur- 
ring in the setting of immunosuppression. 

There are similarities between the cardiac and renal transplant 
experience. For example, these complications tend to occur during 
periods of maximum immunosuppression and commonly during treat- 
ment for rejection. They oceurin the following two forms: (1) common 
diseases of aging, such as diverticular disease, on the background of 
immunosuppression and (2) problems unique to the transplant set- 
ting, such as cytomegalovirus-induced hepatitis or pancreatitis, 
which are often multifactorial in these immunocompromised patients. 

In contrast to renal transplant recipients, there are some unique 
factors in the cardiac population. Although they are at increased risk 
if they suffer abdominal complications after transplantation, they are 
usually in the more favorable metabolic and nutritional environment 
than the average uremic renal transplant recipient. Furthermore, 
after transplantation their hemodynamic performance is usually im- 
proved, which is not the situation with patients who undergo cardiac 
bypass surgery or noncardiac transplants. Finally, graft survival in 
this population is equivalent to patient survival, and discontinuing 
immunosuppression is not an option even when immediate retrans- 
plantation is readily available. 

To address the specific questions, Dr Corry asked about colon 
perforations and if they contributed to any of the deaths seen in this 
series. None of the deaths presented here occurred due to colonic 
perforation, although in a previous report from a Pittsburgh (Pa) 
group two patients died after referral with lower gastrointestinal 
perforations. 

Dr Becker asked about the high rejection rate in this series, and I 
agtee it is quite high since 81% of the patients overall had at least one 
rejection episode. Since transplantation is always a balancing act 
between rejection and complications of overimmunosuppression, pa- 
tients felt to have abdominal complications usually underwent imme- 
diate biopsy. If the endocardial biopsy indicated rejection at the time 
of their abdominal complication, they were switched to monoclonal 
CD-3 antibody and corticosteroids were dramatically reduced. This 
modification of immunosuppression was felt to potentially improve 
the outcome of any required abdominal surgery, since infectious 
complications have classically been most common in patients with 
high cumulative corticosteroid dosages. 

Finally, Dr Latimer asked whether patients were screened for 
preexisting gastrointestinal problems. In this series they were. They 
were not, however, necessarily excluded from transplantation if 
problems were identified. The philosophy of our cardiac transplant 
group assumes that these patients will physiologically improve once a 
well-functioning heart is in place and that in some cases, such as a 
patient with asymptomatic gallstones, the gastrointestinal surgery 
may be safely performed after transplantation, if necessary. 

Pancreatitis is one of the most difficult posttransplant problems to 
diagnose and manage, not only for cardiac transplant recipients, but 
also in renal transplantation or that of any other solid organ. It tends 
to be a multifactorial problem since it can be induced by drugs, by 
viruses, or in patients who have undergone cardiac bypass. 
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Stratifying the Causes of Death 
in Liver Transplant Recipients 


An Approach to Improving Survival 


Byers W. Shew, Jr, MD; R. Patrick Wood, MD; Robert J. Stratta, MD; Todd J. Pillen, PA-C/SA; Alan N. Langnas, DO 


è The causes of death in 21 adults and 23 children in a 
consecutive series of 180 liver transplantations were reviewed 
and classified into four categories. A previously described pre- 
operative risk score was applied prospectively to estimate the 
relative risk of mortality following liver transplantation in adults. 
Categorization of the causes of death allowed for a systematic 
search for errors in management and technique. Comparison of 
the preoperative risk score with the cause of death category 
revealed that higher-risk adults were most likely to die of causes 
related to preoperative morbidity. They also accrued higher hos- 
pital costs, regardless of outcome. The data are useful for de- 
signing strategies to reduce mortality. However, the inexorable 
role that preoperative morbidity has on outcome wes also em- 
phasized. This has important implications in developing strate- 
gies to reduce the costs of liver transplantation and to provide 
optimal distribution of scarce donor organs. 

(Arch Surg. 1989;124:895-900) 


L iver transplantation is reeognized as the preferred treat- 
ment for patients with end-stage liver disease. The 
change in status from an experimental procedure to an ac- 
cepted therapy took place earlier in this decade and was the 
result of improvements in patient survival rates attending 
advances in immunosuppression, operative techniques, and 
postoperative care. However, as the capacity to offer the 
procedure is disseminated to an increasing number of centers, 
survival probabilities for recipients will vary considerably 
depending on the clinical and technical skills available at a 
center and thecriteria used to select patients for transplanta- 
tion. Furthermore, the causes of failure at any center must be 
examined on a continuing basis to define strategies that will 
improve the care of all patients. 

In the current study, we examined the causes of death of 
patients who underwent liver transplantation and stratified 
those causes into four categories. In adult patients, we corre- 
lated the eategory of the cause of death with a prospectively 
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determined relative risk score that we calculated using a risk 
factor scoring equation reported previously.’ We then exam- 
ined what the degree of this correlation implies in terms of 
strategies to improve the survival probabilities for different 
groups of patients. 


PATIENTS AND METHODS 


Between July 19, 1985, and July 31, 1988, 101 adults and 79 children 
underwent orthotopic liver transplantation at the University of Ne- 
braska Medical Center, Omaha. The causes of death of 44 patients (21 
adults and 23 children) were examined and assigned to one of four 
categories. Category 1 deaths are those that were directly related to 
the pretransplantation morbidity of the recipient. Category 2 deaths 
are those caused directly by a surgical or technical complication. 
Category 3 deaths are those related to failures of immunosuppres- 
sion. Category 4 deaths are those with unusual and often unpredicted 
causes. For purposes of assignment to one of these categories, the 
primary cause of death was determined by reviewing both the clinical 
course and autopsy findings of a patient. 

The relative risk of dying within 6 months of transplantation was 
estimated prospectively in all adult patients using the risk factor 
scoring equation.’ The risk score equation is as follows: risk = ence- 
phalopathy score + ascites score + malnutrition score + serum 
bilirubin score + age score + transfusion score + coagulopathy 
score. The components of this equation are defined as follows: enceph- 
alopathy score equals 0 for no history of encephalopathy, +1 for a 
history of mild or infrequent moderate encephalopathy, +2 for fre- 
quent episodes of moderate to severe encephalopathy, and +6 for 
stage IV comaat the time of transplantation; ascites seore equals 0 for 
no ascites, + 1 for mild to moderate ascites, regardless of diuretic use, 
and +2 for massive ascites not controlled with diuretics; malnutrition 
score equals 0 for normal nutritional status, + 1 for mild to moderate 
malnutrition, and +2 for severe malnutrition; serum bilirubin score 
equals — 1 for a serum bilirubin level less than 171 pmol/L and +2 for 
a serum bilirubin level greater than 513 pmol/L; age score equals +1 
for patient age greater than 40 years; transfusion score equals + 1 if 
operative blood loss is greater than 35 U of packed red blood cells; and 
coagulopathy score equals —1 for prothrombin time less than 15 
seconds. If the resultant score is greater than 5, subtract 2 points if 
the patient is less than 25 years old and subtract 1 point if the 
operative blood loss was less than 10 U of packed red blood cells. 

Survival curves for adults and children are actuarial curves calcu- 
lated using a life-table method. 

Mean hospital costs were calculated from records provided by the 
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central billing office of the University of Nebraska Medical Center 
and reflect hospital charges for the hospital admission during which 
liver transplantation took place. In some cases, total charges included 
charges for care that preceded transplantation. Mean costs were 
compared using unpaired Student's ¢ test. 


RESULTS 


The causes of end-stage liver disease in this series are 
shown in Fig 1. There was no correlation between the cause of 
death category and the original diagnosis. Age and sex distri- 
butions were similar among the categories. 

Table 1 shows the proportion of deaths in adults, children, 
and all patients in 2ach cause of death category and the 
elapsed time interval between transplantation and death. 
Table 2 compares the eause of death category with the rela- 
tive risk score for adult patients. These data reveal the follow- 
ing: (1) category 1 adult deaths, those directly related to the 
morbidity of patients prior to transplantation, occur more 
commonly in the patients with high risk scores; (2) category 1 
deaths in both adults and children oceur most commonly after 
1 month but before 3 months following transplantation; (3) 
category 2 deaths, these directly related to surgical or techni- 
cal complications, are relatively rare (6 [13.6%] of 44 patients) 
and occur most commonly within 1 month of transplantation; 
(4) category 3 deaths, those directly related to failures of 
immunosuppression to control allograft rejection, occur most 
commonly between 3 months and 6 months after transplanta- 
tion; and (5) category 4 deaths, those with unusual and often 
unpredicted causes, can occur at any interval after transplan- 
tation, and have been the only cause of death in children and 
adults 9 months or more after transplantation; they are the 
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Fig 1.—The primary causes of liver disease in patients receiving 
transplants at the University of Nebraska, Omaha, during the study 
period. The percentages civen are for actual 6-month survival. 


most frequent cause of death in those adults with low risk 
scores. 


Survival Data 


Figure 2 is a graphic representation of actuarial survival for 
adults broken down into the three risk categories (low, medi- 
um, and high). The survival curve for all adults combined is 
represented by the “All Adults” curve and for all children by 
the “All Children” curve. Actuarial 1-year survival probabili- 
ties were 73% for the 79 children in this series, 79% for 101 
adults, 44.5% for 22 high-risk adults, 85.2% for 27 medium- 
risk adults, and 90.5% for 52 low-risk adults. Only 2 adults 
died more than 6 months after transplantation, whereas 5 
children died after 6 months, 2 children after 1 year, and 1 
child more than 2 years after transplantation. 


Donor Procurement and Selection 


Donor livers were procured either by the University of 
Nebraska Medical Center donor team or, when available at 
the donor center, by the local donor team. All donor organs 
were preserved in Collins solution prior to March 1988, and in 
University of Wisconsin solution after that date. The decision 
to accept a donor organ for transplantation was made by one 
of two surgeons at the University of Nebraska. The criteria 
for acceptance of a donor liver were not altered according to 
the clinical condition of the individual recipient. 


Costs 


Figure 3 graphically compares the mean hospital costs for 
each risk group of adults and divides them further into costs 
for those patients who survived vs those who died. These 
costs are for the initial hospitalization from the date of trans- 
plantation to the date of discharge or death. They do not 
include costs accrued during readmissions, whether patients 
survived or eventually died. 

The lowest mean costs were accrued by low-risk adults who 
survived. The highest mean costs were accrued by those high- 
risk adults who died, although these costs were not statistical- 
ly different from those of high-risk adults who survived or 
from those of medium- or low-risk adults who died. 

The mean costs for all low-risk patients (alive and dead) 
were significantly lower than for all high-risk patients 


Table 2.—Cause of Death in Adults vs Risk Score 


Low Risk Medium Risk High Risk Totals 


Category 





Tabie 1.—Cause of Death Category vs Time Interval After Transplantation 
Category 1 Category 2 Category 3 Category 4 
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Fig 2.—Actuarial 1-year survival of liver transplant recipients accord- 
ing to preoperative risk scores in adults. Zero through 3 indicates low 
risk; 4 through 6, medium risk; and 7 through 13, high risk. The survival 
curve for all children is included for comparison. 


(P =.0009), but not different from those for all medium-risk 
adult patients (P=.077). Likewise, the difference in mean 
costs between high-risk and medium-risk patients did not 
reach statistical significance (P=.071). The difference in 
costs between patients who died and patients who survived 
was significant in the low-risk (P = .005) and the medium-risk 
groups (P = .05), but not in the high-risk group (P =.85). 


Category 1 Causes of Death 


The deaths of 10 adults were directly related to their ex- 
tremely poor condition prior to transplantation. In 3 of these 
patients, sepsis was present before transplantation and per- 
sisted following surgery, resulting in multiple-organ failure 
and eventual death. Two patients with fulminant hepatic 
failure and very high intracranial pressures before transplan- 
tation did not recover neurologically after transplantation. 
Two 53-year-old women with advanced liver disease second- 
ary to presumed posthepatitic cirrhosis developed cerebral 
edema and 1 suffered cerebral hemorrhage within 7 days of 
transplantation. Both patients subsequently developed sep- 
sis and eventual multiple-organ failure. Although the cause of 
cerebral edema in these two patients has not been deter- 
mined, both had histories of severe, recurrent hepatic en- 
cephalopathy. Both had also been hospitalized for several 
weeks and were receiving antibiotics for sepsis prior to trans- 
plantation. 

Two men, 53 years old and 56 years old, underwent trans- 
plantation for chronic type B hepatitis and developed recur- 
rent hepatitis in their allografts. Both died of liver failure and 
gram-negative sepsis, the former patient 265 days after 
transplantation, the latter patient 112 days after transplanta- 
tion. One 47-year-old man with posthepatitic cirrhosis had 
extremely poor cardiac function before transplantation, with 
a measured ejection fraction of less than 20%. He died of 
cardiac failure less than 12 hours after transplantation. A 57- 
year-old woman with acute hepatic failure underwent urgent 
transplantation during which severe atherosclerosis involv- 
ing the abdominal aorta complicated rearterialization of the 
graft. Subsequently, the patient had poor initial graft func- 
tion but also developed cardiac failure secondary to preexist- 
ing arteriosclerotic heart disease. 

The deaths of eight children were attributed to category 1 
causes. One 9-year-old girl with severe hypoxemia secondary 
to massive pulmonary and peripheral shunting related to her 
chronic liver disease experienced progressive allograft failure 
from the hypoxemia. Multiple organ failure and sepsis devel- 
oped and the child died 24 days after transplantation. Three 
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Fig 3.—Mean hospital costs accrued by patients from the dey of liver 
transplantation to the day of discharge or death. Readmissiens more 
than 7 days after initial discharge are not included. 
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children, all of whom were hospitalized in the intensive care 
unit prior to transplantation, died of sepsis that was present 
before transplantation and not contrelled after surgery. 
Three children who underwent transplantation fo> acute, 
fulminant, hepatic failure in stage IV coma did not recover 
neurological function after transplantation. A 32-month-old 
boy with biliary atresia died 21 days after transplantation 
following cerebral hemorrhage caused »y a lesion which, in 
retrospect, was present before surgery. 


Category 2 Causes of Death 


The two category 2 adult deaths included one patient 
(whose course is discussed in the “Category 3 Causes of 
Death” section) with a disrupted choledechojejunostemy who 
subsequently succumbed to sepsis. The other patient was a 
50-year-old woman with primary biliarycirrhosis wko exsan- 
guinated on the operating table during attempted trans- 
plantation. 

All five of the category 2 deaths (surgical or <echnical 
errors) in children, as mentioned above, were the result of 
failure of the allografts to provide adequate early function. 
Urgent retransplantation was not accomplished beeause do- 
nor livers did not become available. 


Category 3 Causes of Death 


The deaths of three adults were related to failures of immu- 
nosuppression (category 3). Two of these patients required 
three allografts and the third required two allografts. The 
failures of all of these grafts were caused by rejeztion. All 
three patients required multiple courses of multiagent immu- 
nosuppression, including OKT3, antithymoeyte globulin 
(ATGAM, Upjohn, Kalamazoo, Mich), and increased cortico- 
steroids. Both of the patients who received three grafts were 
discharged for varying lengths of time between their trans- 
plantations. Both of these patients were found to heve exten- 
sive aspergillosis on postmortem examination, including a 
large fungus ball in the heart of one.” The other petient also 
had extensive pulmonary and dermal infection with Mycobac- 
terium tuberculosis and Pseudomonas maltophilia. 

The third patient in this group is alsaincluded as a category 
2 death. She experienced a disruption af the choledechojejun- 
ostomy 10 days after her second transplantation and a second 
bile leak 15 days later. The patient subsequently demon- 
strated evidence of extensive necrosis of the right bobe of the 
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25 y/F Non-A, non-B hepatitis 


liver. Postmortem examination revealed extensive necrosis 
of multiple organs secondary to disseminated intravascular 
coagulation as a result of sepsis. However, the cause of sepsis 
was the need for heavy immunosuppression to control recur- 
rent allograft rejection. Histolegically, at autopsy her allo- 
graft showed evidence of ongoing rejection. 

Two children died of category 3 causes. One was a 2!/2-year- 
old boy who required treatment for rejection with steroids, 
OKT3, and antithymocyte globulin (ATGAM) and developed 
severe Epstein-Barr virus pneumonia, hepatitis, pancreati- 
tis, and gastroenteritis. Postmortem examination revealed 
extensive lymphoplasmacytoid infiltration of all of these or- 
gans and of the kidneys, spleen, and virtually all lymph nodes. 
The other patient was a 5-year-old girl who had three episodes 
of acute rejection within the first 3 months after transplanta- 
tion. She was treated with corticosteroids, OKT3, and antith- 
ymocyte globulin (ATGAM). She developed diffuse intersti- 
tial pneumonitis caused by both Pneumocystis carinii and 
adenovirus 25 days after successful treatment of her third 
rejection episode. 


Category 4 Causes of Death 


Table 3 summarizes the course of adults and children with 
category 4 causes of death (those with unusual and often 
unpredicted causes). The adults included the following: a 41- 
year-old diabetic man with atherosclerotic cardiac disease 
who died of a presumed cardiac arrythmia 98 days after 
transplantation; a 25-year-old woman with primary cytomeg- 
alovirus (CMV) pneumonia despite not receiving any treat- 
ment for rejection; two elderly women who experienced unex- 
plained cerebral edema and coma after transplantation; a 29- 
year-old man who exsanguinated 6 days after transplantation 
following a mycotic rupture (Candida albicans) of the allo- 
graft hepatic artery; a 54-year-old woman with cholangiocar- 
cinoma who underwent radiation therapy and chemotherapy 
before transplantation and died 106 days after surgery of 
causes primarily related to extensive venous thrombosis (in- 
cluding complete thrombosis of the superior vena cava) 
caused by hypercoagulability; and a 37-year-old woman who 
developed multiple problems following surgery, including 
CMV pneumonia and renal failure, but whose death was 
caused directly by intracranial hemorrhage in the area of an 
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Table 3.—Category 4 Deaths 


Adults 
Primary cytomegalovirus pneumonia 43 


40 y/M Non-A, non-B hepatitis Cardiac arrythmia 98 
57 y/F Primary biliary cirrhosis Cerebral edema, seizures, coma 43 
37 y/F Non-A, non-B hepatitis Intracerebral hemorrhage 118 


29 y/M Primary sclerosing cholangitis Mycotic aneurysm, donor hepatic artery 
54 y/F Cholangiocarcinoma Hypercoagulation, superior vena cava thrombosis, 
cerebral edema, sepsis 


Children 


8 mo/F Biliary atresia Pneumocystis carinii pneumonia and adenovirus 
pneumonia 
2 y/M Biliary atresia Haemophilus influenzae meningitis 6 
7 


27 

8 y/F Biliary atresia Unknown (hypertensive crisis, cerebrovascular event?) 38 
7 mo/F Neonatal hepatitis Sepsis (otitis media) 278 
19 


5 mo/M Biliary atresia Cytomegalovirus duodenitis, hemorrhage 

2 y/M Biliary atresia Laryngeal edema. cerebral hypoxia 173 
1 y/F Biliary atresia Plugged tracheostomy, cerebral hypoxia 73 
8 y/M Short bowel Unknown 97 
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old subdural hematoma that was believed to have been caused 
by trauma over 2 years before transplantation. 

The children in this group included the following: an 8-year- 
old girl whodied of hypertensive crisis more than 2 years after 
transplantation; a 6-month-old girl who died of overwhelming 
sepsis from inadequately treated otitis media 9 months after 
transplantation; an 8-month-old girl who died of P carinii 
pneumonia 9 months after transplantation; a 5-month-old boy 
who bled massively from duodenitis caused by CMV 19 days 
after transplantation; a 2!/2-year-old boy who died at home 
almost 2 years after transplantation of meningitis caused by 
Haemophilus influenzae; an 8-year-old boy (with liver dis- 
ease secondary to short-bowel syndrome and total parenteral 
nutrition) who experienced sudden death the evening before 
planned discharge from the hospital; and two children, a 22- 
month-old boy and a 13-month-old girl, who developed prob- 
lems related to tracheostomies and suffered irreversible hyp- 
oxic brain injury. 

COMMENT 


The major impetus for categorizing the causes of death in 
this group of patients was our desire to examine failures in a 
systematic manner. Through this process, we discovered the 
following: (1) the inexorable role of pretransplantation mor- 
bidity in influencing outcome in some patients, (2) the rela- 
tively minor role that surgical errors played in causing death, 
(3) the recognition that rejection and the morbidity associated 
with attempts to control recurrent episodes can have devas- 
tating results, and (4) the sheer variety of events that can 
cause the death of patients who otherwise appeared to have 
done well. 

We alse validated the risk score as a means of preoperative- 
ly estimating the probability than an adult patient will survive 
liver transplantation. The actuarial 1-year survival rates for 
patients who were prospectively scored as having high risk, 
medium risk, and low risk of mortality following transplanta- 
tion were-44.5%, 85%, and 90.4%, respectively. Even more to 
the point. the greatest number of adult deaths in category 1 
occurred in patients with high risk scores. 

In addition, 9 of the 12 deaths in adults with high risk scores 
were related to their pretransplantation morbidity (category 
1). All but one death related to overimmunosuppression (cate- 
gory 3) in adults occurred in patients with high risk scores, 
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suggesting the relative intolerance that these morbid pa- 
tients had of the added immunosuppression required to treat 
recurrent rejection episodes or of retransplantation. Fur- 
thermore, the six deaths in adults who had category 4 causes 
occurred in low- or medium-risk patients. Finally, with the 
exception of one patient, deaths in adults with low risk scores 
were caused by unusual events (category 4). The one excep- 
tion was a patient who died during surgery, a category 2 
cause. 

One might argue that in assessing the suitability of individ- 
ual cadaver organ donors as liver donors that certain compro- 
mises will be made in considering the needs of critically ill 
recipient candidates. However, our policy has been quite the 
opposite. Because we have recognized that critically ill pa- 
tients are less likely to tolerate poor initial liver function than 
are less moribund patients, we have specifically not compro- 
mised our donor selection criteria for these patients. Thus, 
the greater morbidity and mortality experienced by the pa- 
tients with higher risk scores was not contributed to by 
compromises in the selection of donor organs provided for 
these patients. 

Although we have yet to develop a pediatric equivalent of 
the risk score, the requirement for intensive care unit support 
or the presence of uncontrolled pulmonary sepsis before 
transplantation were associated with category 1 deaths in 
children. Although Malatack and colleagues’ claimed that the 
pretransplantation status of pediatric liver recipients had no 
impact on survival after transplantation, they did not attempt 
to develop a scoring system that would be discriminatory. 
However, in support of the contention of Malatacx and col- 
leagues, our review of the causes of death in children does 
reveal considerably fewer deaths related to pretransplanta- 
tion morbidity than we discovered in adults. In fact, category 
1 causes accounted for 8 (34.8%) of the 23 deaths in ehildren in 
contrast to almost 50% of the adult deaths. 

Perhaps the most disturbing finding of our review of pediat- 
ric deaths was the surprisingly high number of late deaths (all 
category 4) related to improper management of relatively 
common problems. In three of these deaths, infection was the 
cause. In each instance, the failure to recognize characteristic 
signs and symptoms of infection led to delays in treatment. 

Equally disturbing, however, the exact causes of two other 
category 4 deaths remain unknown and both occurred in 
children who otherwise had recovered fully. One was an 8- 
year-old boy who was in the hospital for management of 
gastrointestinal malabsorption 3 months after transplanta- 
tion. He was found dead in his room the evening before he was 
scheduled to be discharged. Complete autopsy dic not reveal 
the cause of death. 

The story of the other child is illustrative of a more funda- 
mental failing. This 8-year-old girl, home for 2 years after 
transplantation, was evaluated less than 12 hcurs before 
death by an emergency department physician for complaints 
of severe headache and nausea. No diagnosis was made and no 
therapy was instituted, and she was sent home. Her parents 
were unable to arouse her in the morning and she was pro- 
nounced dead after arrival at the hospital. Autopsy revealed 
evidence of small-bowel volvulus, but without evidence of 
frank bowel necrosis, perforation, or peritonitis. Further 
investigation revealed that a relatively high-dosage regimen 
of antihypertensive medications had been comp.etely with- 
drawn several days prior to death. Unfortunately, on initial 
presentation to the emergency department, no blood pres- 
sure readings were obtained. 


Strategies for Improving Survival 
Although category 4 causes of death are by definition un- 
usual and often unpredictable, they are also the most prevent- 
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able. In a retrospective review of almost every one of these 
deaths, we were tempted to argue that timely intervention or 
compulsive evaluation of a patient’s history, signs, and symp- 
toms may have prevented death. 

For example, the patient who appeared to have died of 
cardiac arrhythmia 3 months after transplantation was a 
diabetic man over 40 years of age with a history of inferior- 
wall myocardial infarction. Coronary arteriograms per- 
formed 2 months prior to transplantation revealed severe 
two-vessel disease. More thorough cardiac evaluation follow- 
ing transplantation may have been warranted, even without 
supporting symptoms, so that the advisability of myocardial 
revascularization at some point in his course could have been 
assessed. Primary CMV pneumonia in another patient may 
have been prevented by the use of an allograft and blood 
products from donors with negative serology for CMV. 

The list goes on. Virtually every case serves as a unique 
lesson in the management of patients following liver trans- 
plantation. Many of these lessons have led to the development 
of specific treatment protocols. For instance, CMV-negative 
recipients are matched with CMV-negative donors and given 
only CMV-negative blood whenever possible. All men over 50 
years of age and any other patient with any risk factors for 
coronary artery disease undergoes thorough cardiac exami- 
nation, including coronary angiography, unless contraindi- 
cated, both before surgery and at regularly scheduled inter- 
vals after transplantation. l 

Reduction in the number of deaths With category 3 causes is 
primarily dependent on the development of new immunosup- 
pressive agents. All of these cases represent examples of 
vigorous immune responses that respond incompletely or not 
at all to state-of-the-art immunosuppression. Sepsis, rather 
than allograft failure, was the primary cause of death in all of 
these patients, primarily because of an aggressive policy of 
retransplantation. 

The number of deaths in any series with category 2 causes is 
related, at least in part, to the technical expertise of the 
transplant team. Reduction in this number has attended the 
development of a number of technical advances and, in fact, to 
routinization of the procedure in a number of centers. Catego- 
ry 2 causes of death should constitute the least frequent of all 
causes in any series. ? 

A previous report‘ examining the impact of venous bypass 
on morbidity and mortality of adults undergoing liver trans- 
plantation revealed that 30-day mortality was significantly 
lower in those patients in whom bypass was used in compari- 
son with an historical control group. However, 90-day and 
subsequent mortality was equivalent for the bypass and no- 
bypass groups. Further dissection of the data revealed that 
the reduction in early mortality occurred in both high- and 
low-risk patients, but that the high-risk patients went on to 
experience so-called catch up mortality between 60 and 90 
days. The conclusion was that a technical advance that bene- 
fited all patients during and for at least 1 month following 
transplantation only delayed the inevitable death of a number 
of very ill patients. 

The current study, conducted almost 4 years later, contains 
much the same message. We have a scoring method that 
defines a group of patients who have an estimated probability 
of surviving 1 year of less than 45%. If they die, they will most 
likely die of a cause that is directly related to their extremely 
poor state of health before transplantation. 

Compared with the original study in which the risk score 
was developed, mortality in high-risk patients in the current 
study appears to be lower (54.5% vs 72%). In part, this may be 
related to the improvement in survival in patients designated 
as high risk by virtue of stage IV coma in association with 
acute hepatic failure. However, it may simply be a statistical 


Liver Transplantation—Shawetal 899 


2 ae His 
} - ee É 


aberration. The scoring system was developed retrospective- 
ly with the express purpose of discriminating patients with 
the highest risk of dying. Hence, the higher mortality in the 
high-risk patients in the original Pittsburgh, Pa, series may 
only mean that the scoring system was much more accurate in 
reflecting high risk in that group than in the current study. 
Reducing mortalizy in these high-risk patients may be fa- 
cilitated by better care and preparation of terminally ill pa- 
tients prior to transplantation. But the cost of their care, 
whether they live or die, may actually accelerate. The current 
study certainly suggests that even those who survive long 
term will accrue high costs. Thus, the more judicious solution 


involves providing patients with liver transplantation at an 
earlier stage in their disease, before they develop the variety 
of complications that make them unlikely to survive any 
surgical procedure, let alone liver transplantation. 

In the final analysis, the major deficiency in the care of 
patients with extremely advanced liver disease is the failure 
to have recognized the need for transplantation at an earlier 
stage. With the escalating demand for donor organs, the 
ultimate penalty for this failure will be determined by the 
criteria established to triage candidates for liver transplanta- 
tion. The current study suggests what the penalties might be 
if higher-risk patients receive higher priority. 
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Discussion 


FOLKERT O, BELZER, MD, Madison, Wis: I would like to make some 
remarks on the category 2 deaths. Our liver transplant group is 
headed by Dr Munci Kalayoglu, a pediatric surgeon. We have had a 
special interest in liver transplantation in children, particularly in- 
fants under 1 year of age. 

Until recently, we were entirely dependent on the precious and 
rare commodity which is a pediatric liver. Until recently, it was a 
tremendous strain on our program to find a liver for our small 
children. This changed about 1 year ago in our institution since we can 
now reduce a liver into two lobes. We have not used the left lateral 
segment, but have used the left lobe in children as small as 4 kg and 2 
months old. 

We do not take credit for this technique as this was introduced by 
people like Dr Picklemeyer in Germany, Dr Bismuth in Paris, 
France, and Dr Broelsehin Chieago, Ill, but we have been happy with 
this technique. We have now used it in nine patients with excellent 
results, and I think this type of approach can deerease the category 2 
deaths as Dr Shaw and celleagues have shown. 

RoBERT J. Corry, MD, Iowa City, Iowa: If any of you have ever 
had the privilege of seeing Dr Shaw operate, he makes very few 
technical errors. 

I would like to ask him whether, in those high-risk patients who 
have category 1 failure, he would ever consider doing a heterotopic 
auxiliary graft? Second, | gather you are not having any more major 
problems with primary nonfunction. Is this due to the use of the 
Belzer University of Wisconsin solution? 

Dr Suaw: I appreciate Dr Belzer’s comments. I would agree that 
those patients who died of failure of their grafts because we couldn’t 
find another one probably weuld not die now because we do have this 


technolegy available. The Wisconsin group has been particularly 
successiuLat this. Although they don’t take credit for introducing it, 
their resu ts speak for themselves. It has given encouragement to the 
rest of us who are a bit slower in terms of picking these things up. This 
truly wouk provide salvaging therapy for some of these children. 

Dr Carry’s questions about whether high-risk patients might be 
better treated with heterotopic transplants is a difficult one. What I 
tried to show is that most patients have other kinds of preoperative 
morbid problems that make them high risk for any kind of surgical 
procedure. I am not sure that whether we do a heterotopic or an 
orthotopictransplantation would make much difference. 

For the most part, the deaths that occurred in these high-risk 
patients were not those with acute fulminant hepatic failure. Most of 
the improvement in survival we have seen in the high-risk group, as 
defined by that scoring system, is related to better treatment of the 
fulminant epatic failure patients. But we haven’t done that much 
that is good in terms of handling the chronic high-risk patients. I am 
not sure waether we put in a graft that is heterotopic or orthotopic 
will make much difference. 

The disappearance of primary nonfunction as a cause of death in our 
series actually preceded the introduction of the Wisconsin solution, 
but that isn’t necessarily because we weren’t having some primary 
nonfunction. It was primarily related to the fact that we were able to 
perform trensplantations a second time if patients did develop prima- 
ry nonfunction. Overall, our incidence of primary nonfunction since 
the introduetion of the new preservation solution by the Wisconsin 
group has -educed our incidence of primary nonfunction, so that 
fewer patients have to undergo retransplantations because of that 
cause. 


In Other AMA Journals 


ARCHIVES OF PATHOLOGY & LABORATORY MEDICINE 
Venous Air Embolism From Head and Neck Wounds 


Vernard I. Adams, MD, Charles S. Hirsch, MD 


Air emboli in the chambers of the right side of the heart and in the pulmonary artery were documented in 
16 autopsies representing shotgun and gunshot wounds of the head, traffic fatalities with head trauma, and 
one neck incision. The pathology of venous air embolism and its interpretation in the context of death 
investigation are discussed (Arch Pathol Lab Med 1989;113:498-502). 
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Duplex Venous Scanning for the 
Prospective Surveillance of Perioperative 


Venous Thrombosis 


William R. Flinn, MD; Gail P. Sandager, RN, RVT; Leonard J. Cerullo, MD; Robert J. Havey, MD; James S. T. Yao, MD, PhD 


è A total of 361 patients undergoing a variety of major neuro- 
surgical procedures were entered into a prospective surveillance 
program using duplex ultrasound scanning for detection of per- 
ioperative deep venous thrombosis (DVT). All patients had du- 
plex scans of the major veins of both legs preoperatively, on the 
third and seventh postoperative days, and at weekly intervals 
thereafter if hospitalized. All patients received elastic stocking 
and intermittent mechanical calf compression. Perioperative 
DVT was diagnosed by duplex scan in 17 cases (4.7%); 2 cases 
were present preoperatively and the remaining 15 cases devel- 
oped after surgery. Venography detected only one false-positive 
scan in this series. One patient with DVT died, but the postmor- 
tem examination revealed no pulmonary embolism. The results 
of serial venous scans were normal in 344 cases. There were no 
in-hospital pulmonary embolisms in any patient with normal 
venous scan results. Two patients (0.6%) with normal serial scan 
results had fatal pulmonary embolism 1 and 3 weeks after dis- 
charge. Duplex venous scanning was useful for prospective DVT 
surveillance of a high-risk group. The overall incidence of DVT 
(4.7%) is below that expected in such patients, suggesting the 
effectiveness of the program of prophylaxis. Scan results were 
reliable for therapeutic decisions and did not jeopardize patient 
safety. 

(Arch Surg. 1989;124:901-905) 


eeercire deep venous thrombosis (DVT) and pulmo- 
nary embolism (PE) remain significant causes of morbid- 
ity and mortality in surgical patients. Neurosurgical patients 
are a high-risk group for postoperative DVT, which has been 
reported in 29% to 43% of patients.™ Additionally, PE have 
been implicated in up to 3% of postoperative neurosurgical 
deaths.’ The risk of fatal PE in neurosurgical patients may be 
increased since only 10% to 17%’* of cases of DVT produce 
clinical symptoms that may lead to early diagnosis and treat- 
ment. Neurosurgical patients are a group in which prophylax- 
is for postoperative DVT has been recommended,’ and in 
whom some program of postoperative surveillance seems 
justified. 

Surveillance programs for DVT in high-risk patients have 
employed invasive and noninvasive techniques for the diagno- 
sis of venous thrombosis. Contrast venography has been the 
diagnostie standard but is unrealistic for screening since it is 
unreasonable to conduct repetitive examinations. Fibrinogen 
labeled with iodine 125 uptake tests (RF UTs) have been used 
in a number of studies of perioperative DVT™ but are more 
accurate for detection of benign calf vein clots than potentially 
threatening thrombi in the proximal femoral anc iliac veins.’ 
Noninvasive techniques, such as impedance plethysmogra- 
phy (IPG), Doppler ultrasonography, and phleborrheo- 


graphy (PRG), are more accurate for the detection of proxi- 
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mal thrombi but have compromised diagnostic accuracy in 
reports of surveillance studies.” 

Duplex scanning (real-time B-mode imaging with pulsed 
Doppler ultrasonography) has become a standard noninva- 
sive technique for the detection of extracranial carotid dis- 
ease. More recently it has been recognized to be an accurate 
technique for the diagnosis of venous thrombosis. ™™ It pro- 
vides anatomic detail, which is the hallmark of contrast ve- 
nography, as well as physiologic information similar to other 
noninvasive techniques. Additionally, repeated examinations 
can be done easily without risk or discomfort to the patient. 
This study was undertaken to examine the usefulness of 
duplex venous scanning for the perioperative surveillance of 
DVT in a high-risk group of patients undergoing neurosurgi- 
cal procedures. 


PATIENTS AND METHODS 


A total of 361 consecutive surgical patients from the Chicago (Ill) 
Neurosurgical Center, Columbus Hospital (affiliate of Northwestern 
University Medical School) were entered into a prospective surveil- 
lance program for detection of perioperative DVT. This included 167 
men and 194 women with a mean age of 58 years (range, 18 to 82 years 
of age). Surgical procedures performed on these patients are listed 
below: 


Procedure No (%) of Patients 
Craniotomy 173 (47.9) 
Lumbar spine 68 (18.8) 
Cervical spine 32 (8.8) 
Ventriculoperitoneal shunt 36 (10.0) 
Other 52 (14.5) 


Of the 173 craniotomies performed, 78 were for malignant neo- 
plasms. A total of 11 patients in this series had significant lower- 
extremity motor dysfunction at the time of surgery. 


Venous Duplex Scanning 


All patients had preoperative venous duplex scans of the major 
deep veins of both legs. When examinations were conducted in the 
vascular laboratory, scanning was performed with the patient supine 
and the head elevated to 30° to 45°. Most venous scans in this series 
were performed at the bedside where patients’ limbs were positioned 
as dependent as clinically possible to provide maximum venous filling. 
A 7.5-MHz sector transducer or a 7.5-MHz linear array probe were 
used in conjunction with a 5-MHz pulsed Dappler (Advanced Technol- 
ogy Laboratories, Bothell, Wash). 

Real-time B-mode images, longitudinal and transverse, were ob- 
tained of the popliteal, superficial femoral, deep femoral, and common 
femoral veins above the saphenofemoral junction. Seannmg was car- 
ried superiorly into the iliac veins and the inferior vena cava when 
clinically indicated but these areas were not routinely examined. 
Similarly, routine scanning of calf veins was not performed in this 
study. 

All patients in this study had repeated venous duplex scans on the 
third and seventh postoperative days, and then at 1-week intervals 
until the time of discharge from the hospital. Additional scans were 
performed at the discretion of the managing physicians if changes in 
clinical signs or symptoms suggested the possibility of DVT. 

Duplex scan criteria for the diagnosis of acute DVT have become 
fairly well established’*” and were uniformly employed in this study. 
Early acute DVT were seen as homogeneous, hypoechoic intralu- 
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Fig 1.—Characteristic duplex scan appearance of femoral vein throm- 
bosis. Small arrows delineate the echodense thrombus within the 
venous lumen. 


minal filling, or flow defects that produced dilatation of major venous 
channels below the level of thrombosis. The area of thrombosis was 
incompressible or only partially compressible by extrinsic probe 
pressure. Slightly older thrembi became characteristically more het- 
erogeneously echodense (Fig 1). 

An extended period of experience with venous duplex scanning had 
been evaluated at our institution prior to the onset of the present 
study, and the diagnostie accuracy was high (sensitivity, 84%; speci- 
ficity, 96%; accuracy, 94%) for the anatomic areas being evaluated. 
Contrast venograms were obtained in this study if there was uncer- 
tainty about the venous searor the scan results did not correlate with 
clinical events in the opinion.of the managing physicians. Some veno- 
grams were also obtained for the delineation of venous anatomy prior 
to vena caval interruption. 


Venous Thrombosis Prophylaxis 


All patients in the study received bilateral pressure gradient knee- 
length elastic stockings. Additionally, bilaterally intermittent me- 
chanical calf compression was begun the night before surgery and was 
continued throughout the period of operation. Mechanical compres- 
sion devices were employed postoperatively until the patient was 
fully ambulatory or for the duration of hospitalization in those pa- 
tients with significant lower-extremity motor disorders. 


RESULTS 
Abnormal Venous Duplex Scans 


Perioperative DVT was diagnosed by duplex scan in 17 of 
the 361 patients in this study, or 4.7% of the cases. The mean 
age of patients with DVT was 60 years (range, 22 to 80 years) 
and thromboses were diagnosed in 12 men and 5 women. Only 
1 patient (6%) who developed DVT had a previous history of 
thromboembolic events. Deep venous thrombosis occurred 
most frequently in the femoral veins (11 [65%] of the cases) 
and was seen in the iliac veims in 2 cases and the popliteal veins 
in the remaining 4 patients (Fig 2). Two patients had bilateral 
DVT but these cases were each counted as single events for 
this study. Deep venous thrombosis occurred in the right leg 
of 10 of the remaining patients and in the left leg of 5 patients. 

Two patients had DVT diagnosed on preoperative scans, 
while in the remaining 15 (88%), it developed postoperatively. 
The 2 patients with preoperative DVT had been hospitalized 
previously. One was transferred directly from another insti- 
tution; the other was admitted 8 months after undergoing a 
craniotomy. Cases of postoperative DVT were diagnosed 
from day 3 to day 120 after surgery (Fig 3). Two cases 
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Fig 2.—Anatomic distribution of major deep venous thrombosis diag- 
nosed bY duplex scan in neurosurgical patients. 


occurred more than 30 days postoperatively and 2 patients 
developed DVT after discharge but less than 1 month after 
operatien: 

Twelre patients (71%) were clinically asymptomatic at the 
time the diagnosis of DVT was made on routine scans. This 
inclüdėd both patients with preoperative DVT, one of whom 
had bilateral thromboses. Two hospitalized patients with 
DVT had clinical symptoms 10 days and 20 days postopera- 
tively, which led to their scans. (This second patient would 
naturally have been expected to be diagnosed at the 21-day 
scan.) Tae remaining three patients returned with symptom- 
atic DVT after discharge from the hospital. 

A cranietomy had been performed in 13 (76%) of the 17 
patients who developed DVT, and 11 (65%) of these opera- 
tions had been for intracranial malignant neoplasms. The 
remaining 4 cases of DVT developed after ventriculoperiton- 
eal shunts (n=8) or extraventricular drainage (n=1). No 
major cases of DVT were detected by routine duplex scans in 
patients having cervical or lumbar spine surgery. Two (12%) 
of the 17 patients with DVT had significant lower-extremity 
motor dysfunction, while the remainder were capable of nor- 
mal ambulation. 

Contrast venography was performed in 10 patients with 
abnorma venous duplex scan results and it confirmed the 
presence and location of suspected DVT seen by scan in 8 of 
these patients. One venogram was obtained to confirm the 
abnormal duplex scan findings of chronic postthrombotic 
changes rather than acute DVT. One scan with abnormal 
findings showed a definite flow abnormality near the sapheno- 
femoral janction, very suggestive of early DVT. The veno- 
gram alsashowed this flow defect but could not at that time be 
considered diagnostic of DVT. This latter case was consid- 
ered to be a false-positive scan in this series. 


Treatment 


Deep venous thromboses were treated with anticoagulant 
therapy in seven patients in this series. One patient had 
previous placement of a vena caval filter and received no 
further treatment. In the remaining nine patients, anticoagu- 
lant therapy was considered to be relatively contraindicated 
and electiretransvenous insertion of a Greenfield vena caval 
filter was performed. No patient in this study with docu- 
mented DVT suffered a subsequent PE. One patient with 
documented DVT died 13 days postoperatively, but the post- 
mortem examination revealed no PE. 


Normal Venous Duplex Scans 
The results of serial venous scanning were normal in 344 
patients daring this study. Contrast venography was per- 
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Fig 3.—The occurrence of deep venous thrombosis in this study 
appeared to be evenly distributed through the postoperative period. 
Patients remained at risk for deep venous thrombosis, even at times 
remote from the operative procedure. 


formed in 4 of these patients because of persistent symptoms 
suggestive of DVT (n=3) and an abnormal lung scan in 1 
patient. The results of the venograms were normal in all 4 
patients and the results of the pulmonary angiogram were 
normal in the latter case. No patient in this study group whose 
serial venous duplex scan results were normal suffered a PE 
while hospitalized. 

One patient with normal venous duplex scan findings suf- 
fered a fatal PE (autopsy diagnosis) 47 days after surgery. A 
contrast venogram and a pulmonary angiogram, both with 
normal results, had been obtained in this patient prior to the 
original discharge on postoperative day 29. Another patient 
whose scans were normal died of PE (autopsy diagnosis) that 
occurred at a rehabilitation facility on the 17th day after 
operation, 1 week after discharge from the hospital. A final 
patient whose scan results were normal had a minor PE 
documented by pulmonary angiography at the time of read- 
mission to the hospital 13 days after operation. The results of 
a repeated venous scan at that time were also normal, but the 
patient refused contrast venography. This case was consid- 
ered a false-negative scan. 


COMMENT 


Prospective detection of perioperative DVT requires diag- 
nostic techniques that are ideally repeatable, safe, and accu- 
rate since clinical examination is unreliable. Contrast venog- 
raphy remains at present the standard of accuracy for 
confirmation of thrombotic events but is unsuitable for pa- 
tient surveillance. It has a risk of allergic reactions and renal 
dysfunction and may cause venous thrombosis in approxi- 
mately 1% of cases." 

Fibrinogen “I uptake testing has been more useful for the 
prospective detection of DVT and it has been used successful- 
ly in the surveillance of neurosurgical patients.’” It is repeat- 
able, but additional doses of the radioactive isotope may need 
to be given if scanning continues for more than 5 to 7 days 
postoperatively. Since DVT was detected preoperatively in 2 
patients in this study and thrombi developed in 10 other 
patients more than 1 week postoperatively (Fig 3), the RFUT 
technique would seem to be less useful in these patients. 

Additionally, 13 (76%) of 17 patients with DVT in this study 
had thrombus in the femoral vein or above anatomic areas 
where the diagnostic accuracy of RFUT may be compro- 
mised. Noninvasive techniques for the detection of DVT such 
as IPG and PRG have been very accurate for the evaluation of 
symptomatic scan. ®" However, Comerota et al” reported a 
significantly reduced accuracy for IPG and PRG in a surveil- 
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Fig 4.—Venography reveals thrombus (arrow) in one branch of a 
duplicated femoropopliteal venous system. Technologists must be 
aware of these anatomic variants to ensure maximum accuracy of 
venous duplex scans. 


lance program where only 32% of above-knee thrombi were 
diagnosed by these noninvasive methods. 

Since the initial report of Talbot, “ the use of duplex B-mode 
imaging for the noninvasive diagnosis of DVT has gained 
increased acceptance among clinicians. This technique pro- 
vides specific anatomic identification and physiologic assess- 
ment, and is repeatable without risk or discomfort to patients. 
The reports of Sullivan et al” and others™™” have docu- 
mented the accuracy of this technique when compared with 
contrast venography. More recently, Barnes et al” reported a 
prospective comparison of duplex scanning and venography 
for the detection of perioperative venous thrombosis in pa- 
tients undergoing major joint replacement procedures. In 
their study, duplex scanning had an accuracy equal to venog- 
raphy for the diagnosis of major venous clots. In the present 
study, no specific attempt was made to evaluate venous du- 
plex scans by direct comparison with venography, but those 
cases where venography was performed support the degree 
of accuracy reported by Barnes and colleagues. 

Only one false-positive duplex scan was seen in our study 
where significant “flow abnormalities” were observed in the 
femoral vein. This case was similar to ones described by 
Barnes et al’* where patients subsequently went on to develop 
DVT despite normal venogram results at the time of the 
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questionable dupiex scan. These cases may, in fact, represent 
false-negative venogram results. We agree with Rollins et al” 
and others that venous duplex scanning requires more tech- 
nological expertise than other noninvasive techniques, but 
with experience, each laboratory will identify and correct the 
potential sources of error (Fig 4). 

Our study did nct attempt to specifically diagnose perioper- 
ative calf vein thromboses in these neurosurgical patients. It 
is recognized that many venous thromboses, especially post- 
operative thrombi, may arise in the calf veins, but these are 
often clinically inconsequential. Kakkar et al’ noted that 78% 
of these small clots studied serially with RFUT remained 
confined to the calf. In the report by Barnesset al" comparing 
duplex scans with venography, isolated calf vein thrombosis 
occurred in 17% of cases. Only 18% of calf vein thrombi 
propagated into the proximal veins and all were detected by 
serial duplex scans. 

Joffe’ studied neurosurgical patients postoperatively with 
RFUT, and while 49% of calf vein thrombi extended proxi- 
mally, no PE were diagnosed or suspected. When venous 
clots remain confined to the calf, they are far less likely to 
cause clinically significant PE.” Additionally, most fatal PE 
arise from the proximal ileofemoral veins. *” Duplex scanning 
can be used to examine calf veins,” but the variable venous 
anatomy of this regien may introduce significant error. The 
time required to examine ealf veins by duplex scanning ex- 
tends the examination significantly, and the findings above 

would question the overall utility of such an approach. 

No patients in the present study suffered documented PE 
while hospitalized. One patient with normal seral scan results 
had a minor PE after discharge that may have been caused by 
an undiagnosed calf vein thrombosis. Additionally, fatal PE 
occurred in two patients late postoperatively; in one who had 
had normal scan results, normal venogram results, and nor- 
mal pulmonary angiogram results. Thromboembolic events 
will occur despite our best diagnostic and therapeutic efforts. 
Nevertheless, the decision not to pursue duplex venous scan 
diagnosis of calf vein thrombosis in this study did not measur- 
ably jeopardize patient safety, and it did not compromise 
therapeutic decision making. 

The 4.7% incidence of major DVT detected by venous 
duplex scanning in this neurosurgical patient population ap- 
pears acceptably low compared with previous studies. The 
lack of venographic confirmation in each case makes the abso- 
lute incidence, of course, uncertain and statistical comparison 
is unwarranted. Patients undergoing craniotomy have been 
noted to be at higher risk for thromboembolic complications’ 
and appeared to be a high-risk subgroup in this study. Eleven 
(73%) of 15 postoperative cases of DVT developed in patients 
undergoing craniotomy, and 9 of these patients had malignant 
neoplasms. However, almost 50% of the neurosurgical proce- 
dures in this study were eraniotomies. Thus, the incidence of 
DVT in this subgroup was 6.3% overall, but 12% (9/78) in 
patients undergoing craniotemies for malignant disease. 

Interestingly, this did not differ from the incidence of DVT 
among patients with shunts, which was 11% (4/36). This is 
understandable since 2 of the 4 patients requiring ventriculo- 
peritoneal shunts had lower-limb paralysis. No DVT were 
detected in patients having eervical or lumbar spinal proce- 
dures in this study. This differs from the findings of Joffe’ and 
Valladares and Hankinson who noted an equal incidence of 
DVT in patients who underwent craniotomy and spinal sur- 
gery. These differences may reflect a policy currently em- 
ployed on our service of earlier ambulation in patients under- 
going spinal surgery. Additionally, no specific technique of 
venous thrombosis prophylaxis was employed in those earlier 
studies. 

The use of pressure gradient elastic stockings and intermit- 
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ten: mechanical compression appeared to be an effective tech- 
nique for venous thrombosis prophylaxis in neurosurgical 
patients in this study compared with historic controls. The 
prospective series of Skillman et al” reported an 8.5% inci- 
dence of DVT in neurosurgical patients treated with external 
pneumatic compression devices compared with 25% in the 
control group. Similarly, Turpie et al“ noted a significant 
reduction in the postoperative DVT in neurosurgical patients 
treated with external pneumatic compression (1.9%) vs con- 
trols (18.4%). The present study supports these findings. 

Since all cases of DVT diagnosed in the present series were 
major thromboses, the risk of PE was believed to be signifi- 
cant, and definitive treatment was indicated. Swann et al” 
reporzed that neurosurgical patients with DVT who were 
treated with standard anticoagulant therapy developed sig- 
nificant complications in 29% of the cases. The majority of 
cases in our series (10 [59%] of 17 cases) had transvenous 
placement of a vena caval filter for control of thromboembolic 
complications. No PE occurred in these cases. In the remain- 
ing 7 patients, we believed it safe to employ heparin therapy 
due to the relatively minor nature of their procedures or the 
time interval after surgery. No hemorrhagic complications or 
PE were noted in these latter patients. 

Aggressive efforts at prophylaxis and accurate diagnosis 
will not eliminate venous thromboembolic complications as a 
significant cause of postoperative complications, especially in 
groups known to be at high risk. An effective technique for 
DVT prophylaxis will significantly reduce the occurrence of 
postoperative clots and when DVT occurs, early diagnosis 
and treatment will significantly reduce the risk of subsequent 
PE, especially fatal PE. Duplex venous scanning is a promis- 
ing new technique for the noninvasive diagnosis of DVT 
thrombosis and the present study suggests that it will be 
useful for the prospective postoperative surveillance of high- 
risk patients. Duplex venous scanning is safe, repeatable, and 
accurate, and it provided a sound basis for clinical decision 
making in this study. 
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Discussion 


WILLIAM H. BAKER, MD, Mayweod, Ill: Although this is a study of 
high-risk patients, it is to be noted that Dr Flinn has identified a group 
of patients who are extremely low risk, ie, those patients undergoing 
any kind of dise operations. This is a tribute to our neurosurgical 
colleagues who now perform microdissectomies and virtually dis- 
charge the patients from the recovery room. Future studies should 
obviously eliminate these patients from consideration. 

Second, the high-risk patients are those with malignant neoplasms. 
Dr Flinn, were these patients the ones lingering about the wards with 
all sorts of neurological disabilities? Was there a correlation between 
the extent or the incidence of DVT and neurological impairment? If 
these patients were neurologically comparable, this assoeiation may 
be due to the unknown factors of malignancy. It is my prejudice that 
all patients with malignant neoplasms have some kind o? a humoral 
factor that predisposes them to venous thrombosis. 

The distribution of clots in this series is interesting in that most of 
them are in the major “axial veins.” Perhaps this is due to the 
methodology that only examines the axial veins and not the tibial 
veins. Were the locations of these clots verified in those persons who 
had contrast venography, or did the venography show clots present in 
all veins examined? Perhaps the distribution of the thrombi in this 
series is related to the prophylaxis used, the sequential eompression 
devices. I would appreciate your comments regarding the influence of 
this device. 

My children always accuse me of being slightly reactionary. I long 
for the good old days when I used to diagnose using a hand-held 
Doppler worth about $500 or else I could use an IPG that was worth 
about $10 000. Now, we are into B-mode scanning that may go into six 
figures. A well-intentioned high school graduate can operate an IPG, 
but it sometimes takes a virtuoso to operate the scanner. I wonder, 
Dr Flinn, im the identification of thrombi involving the popliteal, 
superficial femoral, and common femoral veins, if some of the older 
methodology wouldn’t have been just as effective. Perhaps you have 
made some comparisons and can enlighten us in this regard. 

Finally, I should like to remind the Society of Dr Flinn’s last 
message that despite out best diagnostic and therapeutic efforts, 
thromboembolic events will sometimes occur. This is a problem that 
is not yet solved. His one patient who had normal scan results, 
venogram results, and pulmonary angiogram results who later went 
on to die of a PE underscores this very statement. 

GEORGE ANDROS, MD, Burbank, Calif: Dr Flinn and his colleagues 
have established an enviable record in the management of postopera- 
tive venous thromboembolic complications through the use of two 
techniques. First, they have a vigorous program of prophylaxis using 
elastic stockings, intermittent mechanical compression, and, as their 
article alludes to, the liberal use of the Greenfield filter. Second, they 
have instituted a comprehensive surveillance program using duplex 
ultrasound that I believe was black and white, not color, screening 
the lower-extremity venous system. Their data suggest that they 
have achieved very high sensitivity and specificity. 


Arch Surg —Vol 124, August 1989 


You used two methods of prophylaxis, the so-called antiembolism 
stocking and intermittent compression. Do you ascribe your success 
to both devices, or can you separate out one approach for the lion's 
share of the credit? Perhaps the mechanical compression? 

Surgeons differ as to what constitutes high risk. I would agree with 
you that your patients as a group are high risk, and, as Dr Baker has 
suggested, they can be divided into even finer groups. Would you like 
to extrapolate your methods to other high-risk groups, such as the 
elderly obese patients undergoing pelvic, cancer, or hip procedures? 

Regarding surveillance, you intentionally excluded calf vein sur- 
veillance, and I happen to share Dr Baker's concern that we might be 
interrogating these veins as well. Finally, would you comment on the 
opinions of vascular surgeons that in the area ofsurveillance, duplex 
scanning may become the gold standard rather than phlebography 
and other surveillance techniques. 

LAWRENCE H. WILKINSON, MD, Albuquerque, NM: I think it is 
appropriate to call attention to a study that W. Sterling Edwards, 
MD, carried out in Albuquerque over 10 years ago in which he very 
conclusively demonstrated that the most effective method of empty- 
ing leg veins was gravity drainage. This is better than any kind of 
pressure device that has been developed thus far. 

The importance of gravity drainage of leg veins is further empha- 
sized by a series of over 320 morbidly obese patients who underwent 
surgery beginning in 1978. In each of these patients we employed 20° 
of Trendelenburg position every 30 minutes for-30 seconds during the 
procedure and then continuously elevated the legs 45 cm in the 
postoperative period until the patient was able to lift one extremity at 
a time from the surface and hold it elevated for 30 seconds. None of 
these patients developed demonstrable DVT or PE, and none had 
developed leg edema at the time of discharge from the hospital. 

DR FLINN: I would like to thank the discussants and attempt to 
answer some of their questions. Dr Baker, we*too were interested in 
previous reports suggesting that the incidence of DVT in patients 
undergoing back and neck surgery was essentially equal to that of 
patients undergoing craniotomy. Our observations revealed a signifi- 
cant difference in the two groups. I think that this may be the result of 
two factors. First, our neurosurgical colleagues are mobilizing these 
patients almost immediately after operation, where I am sure many 
remember that in the past, 1 or 2 weeks of bed rest was often routine 
postoperatively for these patients. Additionally, past reports did not 
routinely employ an effective means of DVT prophylaxis, which is 
essential. On the basis of these observations, we have made modifica- 
tions in our surveillance program to reduce interval testing in the 
laminectomy group. 

Among patients with malignant neoplasms who developed DVT in 
this study, there was no identifiable association with prolonged bed 
rest, immobility, or lower-extremity neuromotor dysfunction. The 
patients who had lower-extremity neuromotor dysfunction and de- 
veloped DVT were the patients receiving ventriculoperitoneal 
shunts. We share Dr Baker's intuitive feeling that patients with 
neurosurgical malignant neoplasms are particularly predisposed to 
venous thrombosis. 

We also share his concern about the technology and its cost. How- 
ever, most of us who have been involved with noninvasive venous 
testing believe that the diagnosis of DVT established by duplex scan 
is more accurate than with IPG, PRG, or previous noninvasive tech- 
niques. Direct visualization of the thrombosed venous segment obvi- 
ates concerns that some physiologic aberration might compromise 
the accuracy of these previous tests. 

I don’t think it is reasonable for us to conclude that a testing 
modality is of questionable utility because it requires more intelligent 
technologists. I would always rather have a technologist who under- 
stands the applications of the instruments employed, whether it be 
IPG or duplex scans. The duplex scan technology is clearly more 
demanding, but I believe the increased utility and accuracy of diagno- 
sis will make this consideration secondary. 

Our study would suggest that this technique does have an applica- 
tion for any high-risk group and is useful because it is repeatable, 
accurate, and essentially risk free. Other techniques, such as IPG and 
PRG, appear to have seriously compromised accuracy in previously 
reported surveillance programs. Duplex scanning has special useful- 
ness in patients who have difficulty with positioning and can be 
conducted at the bedside when required. I believe duplex scanning 
represents a major step forward for the noninvasive diagnosis of 
DVT. 
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The Impact of In-House Surgeons and 


Operating Room Resuscitation on Outcome 


of Traumatic Injuries 


David B. Hoyt, MD: Steven R. Shackford, MD; Thomas McGill, MD; Robert Mackersie, MD; James Davis, MD; John Hansbrough, MD 


è As trauma systems develop, more patients can potentially 
benefit from immediate surgery. With in-house surgeons avail- 
able, enthusiasm for direct transfer from the scene to the operat- 
ing room (OR) has developed in many institutions. The purpose 
of this study was to define precisely which patients should be 
taken to the OR for resuscitation. Three hundred twenty-three 
patients were taken to the OR directly from the field during a 
4-year period (6.9% of trauma activations). Indications included 
the following: (1) cardiac arrest—one vital sign present, (2) per- 
sistent hypotension despite field intravenous fluid, and (3) un- 
controlled external hemorrhage. A board-certified surgeon and 
resuscitation team met the field transport team in the OR in all 
cases. Cardiopulmonary recuscitation for patients with blunt 
trauma was not accompanied by survival even with immediate 
surgery by a trained surgeon and it wastes valuable OR re- 
sources. Patients with prehospital hypotension unresponsive to 
fluid resuscitation indicate the need for rapid surgery. Patients 
with blunt injuries even with hypotension infrequently undergo 
operations in less than 20 minutes and can be resuscitated in 
traditional areas where better roentgenograms are obtained. 
Penetrating injuries to the chest and abdomen with hypotension 
are the primary indications for OR resuscitation. It can be antici- 
pated with field communication and accompanied by enhanced 
survival. 

(Arch Surg. 1989;124:906-910) 


a commitment of major resources and personnel to the 
care of the accident victim has decreased preventable 
death and improved the overall management of trauma.: Im- 
proved survival has been specifically attributed to early oper- 
ative management by in-house board-certified surgeons.’ 
Thus, enthusiasm for immediate surgery for trauma patients 
in extremis has developed in many institutions. As early as 
1963, Noer’ suggested that certain patients should bypass the 
emergency department and be directly transported to the 
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operating room (OR) as had been practiced in his institution 
for a decade.* To evaluate direct OR resuscitation (ORR), a 
protocol was developed in our hospital to take patients direct- 
ly to the OR from the field based on prehospital criteria. 


MATERIALS AND METHODS 


From August 1, 1984 (the beginning of regionalized trauma care in 
San Diego County, California), through J uly 31, 1988, all trauma 
patients who met the following criteria either in the field or during 
transport to the hospital underwent ORR: (1) full cardiac arrest, (2) 
hemodynamic instability (blood pressure [BP] <100 mm Hg despite 
field fluid resuscitation), or (3) amputation or external hemorrhage 
requiring immediate surgery. Patients who had one vital sign present 
and who underwent cardiopulmonary resuscitation (CPR) in the field 
underwent resuscitative thoracotomy. 

The following data were collected prospectively and entered into a 
computerized trauma registry: mechanism of injury; Injury Severity 
Score;”” trauma score; probability of survival; specific prehospital 
criteria for ORR; frequency with which prehospital care included 
intubation, CPR, and military antishock trousers; amount of fluid 
infused; transport time; and the interval between admission and the 
start of surgery. 

The reason for an ORR and prehospital status and change during 
transport were analyzed for their ability to accurately predict the 
need for immediate surgery. Injuries and procedures performed 
were compared with prehospital predictors to determine if they 
selected a group of patients in need of immediate surgery. 

The mechanism of injury and probability of survival vs actual 
survival were evaluated for hypotensive patients who actually under- 
went surgery in less than 20 minutes to determine if there was any 
apparent benefit of ORR. Patients who underwent procedures after 
20 minutes were judged to be able to be resuscitated in the regular 
resuscitation space. 

Operations were considered to be major and significant if per- 
formed for control of hemorrhage or management of potentially life- 
threatening injury, as shown below: 


Major Operation Primary Indications 

Craniotomy Removal of extradural clot, 
débridement, fracture elevation 

Neck exploration Control of hemorrhage 

Thoracotomy Control of hemorrhage, 
decompress cardiac tamponade 

Laparotomy Control of hemorrhage 

Extremity Control of hemorrhage 
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Patients without signs of life (electrocardiogram activity or respi- 
ratory activity) were declared dead on arrival. Patients undergoing 
tube thoracostemy, ventriculostomy, diagnostic peritoneal! lavage, 
local wound exploration, and skeletal traction were considered to 
have had minor operations. 

Data were analyzed using Mr Tod statistical software (Retriever 
Data Systems, Seattle, Wash). Comparisons were made using Stu- 
dent's ¢ test and y* test with significance attributed to a P<.05. Data 
were expressed as the mean + SEM. 


RESULTS 


During the interval of study, 4699 trauma patients were 
admitted to the University of California at San Diego Trauma 
Service. Of these patients, 323 (6.9%) met the criteria for 
ORR. Penetrating trauma was more frequent than blunt 
trauma in patients undergoing ORR and was a more eommon 
mechanism in patients who underwent ORR than in the hospi- 
tal’s trauma population in general (P<.001). The mechanism 
of injury for patients undergoing ORR is shown below: 


Trauma No. (%) of Patients 

Blunt 

Motor vehicle 44 

Motoreycle/bicycle 24 

Pedestrian struck 50 

Fall 11 

Other 7 
Total 136 (42) 
Penetrating 

Gunshot wound 93 

Stabbing 94 
Total 187 (58) 


Major blunt mechanisms were those with high energy 
transfer, such as a pedestrian being struck and falls from a 
height greater than 20 ft. | | 

Persistent hypotension despite initiation of fluid resuscita- 
tion was the most common reason for ORR, as shown below: 


Reason for ORR 


No. (%) of Patients 

Persistent 

hypotension 193 (60) 
Cardiac arrest 88 (27) 
Massive bleeding 

or soft-tissue 

injury “42 (13) 
Total 323 (100) 


In the field and during transport, patients received the 
maximum prehospital care as indicated by their condition. As 
shown below, this included control of external hemorrhage, 
military antishock trousers, administration of intravenous 
fluid, CPR, and control of the airway. 


Blunt Trauma Penetrating Traunia 


Type of Care (n= 136) (n= 187) 
Control of airway, 41 23 

% of patients ) 
CPR, % of patients 25 23 
Military antishock 

trousers, % of t 

patients 60 70 
Mean fluid admini- 

stration, mL 952 + 203 1013 + 167 
Transport time, min 8.41 +0.76 10.31+0.81 


Analysis of the physiologic responses during transport re- 
vealed no differences in the group as a whole. However, in 
patients with blunt injuries who survived, there was a signifi- 
cant increase in the BP component of the trauma score 
(P<.05). Overall, the physiologic status of penetrating trau- 
ma survivors was unchanged during transport. The Hiean 
trauma score BP component remained hypotensive in survi- 
vors of penetrating trauma despite field fluid resuscitation. 
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All patients who eventually died were severely compromised 
and their condition deteriorated during transport. 

Injury severity data by Abbreviated Injury Score region 
classified by mechanisms and number of patients is shown 
below: 


Trauma 





Mean Abbreviated No. of Patients 


Injury Score 
Blunt 
Head/neck 4.3 89 
Face 2.3 22 
Chest 3.9 88 
Abdomen 3.8 66 
Extremity/pelvis 3.0 79 
Penetrating 
Head/neck 4.0 36 
Face 2.1 9 
Chest 4.5 105 
Abdomen 4.0 83 
Extremity/pelvis 2.9 43 


The overall mean Injury Severity Score was 46 for patients 
suffering from blunt injuries and 31 for patients suffering 
from penetrating injuries. The high mean head/neek value for 
blunt injuries reflects the large percentage of patients with 
significant head injuries. The mean Abbreviated Injury Score 
for all chest, abdomen, and extremity/pelvic injuries in pa- 
tients suffering blunt injuries is also high and refleets the high 
degree of energy transfer. 

Major operations were required in 237 (73.6%) of the cases; 
196 patients underwent operations in less than 20 minutes 
after admission. Minor operations were performed on 70 pa- 
tients (21.6%). Fifteen patients (4.6%) were dead on arrival. 
Combined procedures were performed on 58 patients (Table). 

Seventy-seven patients who underwent operations in less 
than 20 minutes for penetrating injuries survived. Twenty- 
one patients had combined thoracotomy and laparotomy and 
survived. An additional 33 major procedures were performed 
within 30 minutes of arriving in the OR in pe survivors of 
penetrating injury. Twenty-eight patients had minor proce- 
dures only and survived. 

Twenty-nine patients underwent operations less than 20 
minutes after suffering blunt injuries and survived; 23 had 


Analysis of Operations 





Penetrating 
Trauma 


___—_—_—_—— p 
Operation Survived Died Survived Died 
No. of Patients With Hypotension on Admission 


Who Underwent Operations in <20 min 
3 2 


Blunt Trauma 





Craniotomy 


Minor surgery 
Dead on arrival 


No. of Patients With Hypotension on Admission 
Who Underwent Combined Operations in <20 min 
Craniotomy/neck 2 0 0 


Craniotomy/laparotomy 
Neck/thoracotomy 
Thoracotomy/laparotomy 
Laparotomy/extremity 
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minor procedures and survived. An additional 11 patients had 
significant operations in less than 30 minutes. 

Four patients who underwent documented CPR following 
penetrating trauma survived. There were no survivors in 
patients undergoing CPR and resuscitative thoracotomy fol- 
lowing blunt injuries. Nineteen patients underwent thoracot- 
omy and laparotomy and died. 

The predicted survival was calculated for all patients who 
underwent operatiens of significance within 20 minutes of 
arrival. These data were then eompared with actual survival. 
The standard z score for each of these populations was also 
calculated. As shown below, the actual survival of patients 
with penetrating injuries and blunt injuries who underwent 
operations in less than 20 minutes was significantly greater 
than predicted (P<.001). 


Probability of Survival 
Operation Predicted Actual zScore 
Penetrating 
trauma, <20 mir .55 .66 +3.6 
Blunt trauma, <20 min 35 46 +3.2 
Total .64 71 


A cost comparison estimate for patients undergoing stan- 
dard resuscitation and ORR was made based on our institu- 
tional charges. This information is shown below: 


Standard 
Charges Resuscitation ORR 

Room charge $1000 (1 h) $1200 (1 h) 
Physician’s charge Standard $250 (anesthesia) 
Nursing charge Included Included 
Roentgenogram 

charge Standard Standard 
Supplies charge Standard $200 (instruments) 
Total Charges $1000 $1650 


This estimate was based on patient resuscitation only, 
without operation. As the tabulation shows, room charges for 
1 hour are similar. Physician charges are slightly higher for 
patients undergoing ORR because of the anesthesia involve- 
ment. Nursing and rcentgenogram charges are unchanged. 
The charges for supplies are higher for ORR only if sterile 
surgical packs are opened, 


COMMENT 


In 1963, based on a previous experience by Griswold and 
Drye’, Noer** suggested that “the critically injured patient 
belongs in the operating room from the first. . . we must 
Separate the critically injured patient from the baby with 
upper respiratory infection in the absence of a pediatrician. . . 
We believe that this problem is best met by its elimination 
through direct transport of the seriously injured patients... 
to operating room...” 

Fisher et alf and Perry“ reported direct transfer to the OR 
of trauma patients as a simple economical plan for large 
hospitals. They suggested for the first time in their studies 
that morbidity and mortality were reduced by direct trans- 
port to the OR. 

In 1982, Law et al" reported a combination of helicopter 
transport and direct transfer to the OR for 198 patients. This 
review suggested the difference in prehospital status and the 
utility of using prehospital criteria to determine who might 
benefit from ORR. The conclusion of these investigators was 
that ORR was of little benefit in resuscitating patients who 
presented with cardiopulmonary arrest; the studies did little, 
however, to identify who would benefit. 

In 1985, we” described 51 trauma patients who were direct- 
ed to be transported to the ORR as our initial experience with 
this technique. Entry criteria at that time were cardiac ar- 
rest, hypovolemic shock unresponsive to fluid resuscitation, 
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abdominal evisceration, and major traumatic amputation 
with seft-tissue injury or interhospital transfer of patients 
needing immediate surgery. Predicted survival of the initial 
group was only 26%; 56% were long-term survivors. 

Rhodes et al’ developed a protocol for ORR and subse- 
quently performed it on 240 trauma patients. Based on their 
analysis, patients who did not sustain cardiac arrest but who 
were hypotensive following blunt trauma and subsequently 
required therapeutic laparotomy had a higher than predicted 
survival, and, therefore, appeared to benefit from this tech- 
nique. Victims of penetrating torso trauma did not benefit but 
the nambers in this group were small. 

For our analysis, we made the assumption that if ORR was 
to have an impact, it had to first identify patients in the field 
who would benefit from such a protocol, and subsequently 
demonstrate that the surgery performed was significant and 
needed. The analysis was constrained in that surgery had to 
be performed in a time frame that would demand direct 
transfer to the OR (ie, <20 minutes). Our current data show 
that for patients who are hypotensive after receiving pene- 
trating wounds, the observed survival is significantly greater 
than predicted (P<.001) when these patients are taken to the 
OR and undergo surgery in less than 20 minutes. 

A small group of patients with blunt abdominal injuries who 
underwent surgery in less than 20 minutes also had higher 
than predicted survival. The need for ORR in this group is 
harder to substantiate as many were normotensive by the 
time “heir transport to the OR was completed. 

Analysis of the operations of survivors of blunt trauma 
reveais that 33% underwent minor procedures only. We con- 
tinue to follow our ORR protocol for hypotensive patients 
following blunt trauma injury, but given the number of roent- 
genograms and other diagnostic procedures often needed 
following blunt injury, it may be preferable to transport these 
patients to the regular resuscitation space. 

No patients undergoing resuscitative thoracotomy follow- 
ing blunt injuries survived. Only four patients who under- 
went documented CPR following penetrating trauma sur- 
vived. Physiologic status determined the outcome in all 
patients following cardiac arrest. Based on our reappraisal 
and review, we have abandoned thoracotomy to resuscitate 
patients who suffer exsanguination and arrest following blunt 
injury. 

The cost analysis reveals a modest increase of start-up costs 
for ORR, with the majority of the charges and real costs being 
identical for both resuscitation areas. Given the frequency 
with which this protocol is used (<7% of admissions), this does 
not seem to be an excessive use of resources. 

Operating room resuscitation can be set up and performed 
inexpensively in any hospital meeting the American College 
of Surgeons criteria for level I designation. The only require- 
ments are that a resuscitation cart and a resuscitation team be 
available to go into an OR and perform resuscitation there 
instead of in the usual resuscitation space. Following this type 
of protocol, patients who are identified in the field as being 
hypotensive despite prehospital fluid resuscitation seem to 
benef from direct transport to the OR. 


The authors thank Beth Foil, MD, Kathryn Ayers, RN, Peg Hollingsworth- 
Fridlurd, RN, and Dale Fortlage for their contributions to this study. 
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Discussion 


ROBERT J. FREEARK, MD, Maywood, Ill: The authors have brought 
to our attention a “hot” topic in trauma circles. Just 2 months ago at 
the American Association for Surgery of Trauma, Dr Michael Rhodes 
and the group from Allentown, Pa, reported on their experience with 
ORR. Interestingly, they concluded that blunt trauma victims were 
most likely to benefit. The report that you heard today suggested that 
the benefits are greatest for those with penetrating torso trauma who 
have demonstrated hemodynamie instability at the scene and/or on 
arrival at the hospital. 

I think immediate resuscitation in an OR does work for those kinds 
of “super” trauma centers like the ones in San Diego and in Allen- 
town. These are busy centers with superior aeromedical support. 
They are part of a large, well-organized emergency medical system 
with well-trained people out in the field doing the resuscitation, 
identifying the problem, and calling ahead with good communication 
and rapid transport times. There is no question that, under those sets 
of circumstances, this is something we ought to do, and there is a 
small subset of patients for whom it will make a difference. 

I would caution about extrapolating the good results in this report 
to other hospitals. Unless the hospitals are very busy and have 
worked out all the “kinks” in the pipeline of patient flow, I am not sure 
this extra effort will pay off. I have three concerns. 

The first one has to do with the logistics of having two resuscitative 
areas. It is hard enough to get the people you want to come down to 
the emergency department to see a critically ill patient and to make 
sure they always have the equipment needed and the time to make an 
appropriate evaluation. The idea of getting those same people, surgi- 
cal consultants, x-ray technicians, ORR nurses, medical students, 
and paramedics into the OR not only worries me a bit about the 
problem of OR traffic and contamination, but I think it is going to be 
hard for many institutions to keep comparable setups and comparable 
talent in two locations at the same time. We are talking about 5% of 
the patients; 1 of 20 patients who are going to be resuscitated will 
therefore go to the OR instead of the emergency department. 

Second, I have concerns about the choice of patients. It seems to me 
that extremity injuries, especially those that are exsanguinating, can 
be controlled by tourniquet and by pressure dressing; these patients 
do not have to go directly to the OR. However, most neurosurgeons 
won't touch a head injury without a computed tomographic scan, and 
most cardiovascular surgeons won’t touch a torn aorta without an 
angiogram. Since neither is available in an OR setting, I am not sure 
which patients with blunt trauma are likely to benefit. 

Finally, I think that the problem of cost has been addressed but not 
completely answered. You are keeping dual setups and dual person- 
nel, and I think it is going to make a difference for most hospitals in 
terms of cost. 

I would like to pay tribute once again to the group at the University 
of California. They have provided a great deal of leadership and 
contributed significantly to the scientific basis of trauma care in this 
country. In my hometown, during the venereal disease epidemics of 
the 1960s, we used to have a health commissioner who bragged that 
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Chicago was the safest place in the world to have intercourse. I am not 
sure that this is true of San Diego, but I do think San Diego is as good a 
place as any to get stabbed, shot, or struck by a ear. 

J. DAVID RICHARDSON, MD, Louisville, Ky: The concept of ORR 
was initiated by Dr Arnold Griswold in Louisville, Ky, in the 1930s, so 
it is an old concept and one that we have continued to use with some 
degree of regularity. 

When I first came to Louisville about 13 years ago, about 80% of the 
major traumas, both of the blunt and penetrating nature, had ORR 
rather than emergency department resuscitation. 

When we began to analyze our cases, I think that what we found 
during that period, similar to what the group from San Diego found, is 
that there is no great benefit to the blunt trauma patients. We still 
feel that a patient with major penetrating torso trauma should be 
brought immediately to the OR and that the resuscitation should 
proceed in that way. 

However, attempting to use ORR for blunt trauma creates such a 
tremendous drag on the system that it becomes really impossible for a 
busy system to function. I think this is a very meaningful study. 

GEORGE L. JORDAN, JR, MD, Houston, Tex: I, too, congratulate the 
authors on this study. I have a question or two, however. I didn’t see 
your control subjects. This was compared with predicted mortality 
rate or expected mortality rate, and I don’t think we have one. When 
making such a judgment, it is best to have a similar group of patients 
treated by conventional techniques for comparison. 

In most trauma centers, many people go directly to the OR, but this 
was a planned, identified group that was taken there. I didn’t hear 
about the group that was not taken there. I would like to know what 
happened in the emergency department, because, if I understand 
correctly, 40% of the patients did not undergo operations promptly. 
In fact, 27% didn’t undergo operations at all, and resuscitating those 
in the OR just can’t have any particular value as far as I am concerned, 
because the only additional factors the OR provides are an anesthetic 
and an operation. I would like to see the comparative data for those 
who went first to the emergency department. 

DR SHACKFORD: I appreciate the discussants’ comments. Let me 
start out by saying that I appreciate what Dr Richardson said about 
Drs Griswold and Noer. Our situation at the University of California 
is very different from most hospitals in that trauma patients undergo 
resuscitation by surgeons on a surgical floor that is distant from the 
emergency department. 

We initiated ORR for those patients who were in a hemodynamical- 
ly unstable condition in the field. Clearly, appropriate use of ORR 
requires excellent communication with prehospital providers. Such 
excellent communication exists in the San Diego County Regional 
Trauma System, in which we have prehospital notification for over 
99% of trauma patients. This notification includes the mechanism of 
injury and all vital signs, and gives us approximately 8 to 10 minutes 
to prepare before the patient arrives. 

Dr Freeark, this prehospital notification allows us to put on surgi- 
cal scrubs and proceed directly to the OR without causing any major 
cross contamination. Comprehensive roentgenograms are available 
because we use the x-ray technician and radiologist assigned to the 
OR. In the case of an ORR, these individuals defer work on the 
elective cases and proceed immediately to the ORR. 

An ORR does not require the creation of an additional resuscitation 
team. The current requirements for American College of Surgeons 
level I include an OR and an OR team immediately available 24 hours 
a day. All we are doing in the case of an ORR is using that team. The 
obvious potential downside occurs when the patient turns out to have 
insignificant injuries and we have mobilized this team and usurped 
these resources needlessly. 

Ifa patient with a head injury has immediate need of evaluation fer 
midline shift and is too hemodynamically unstable to be moved from 
the OR, we insert a ventriculostomy, inject air, and expose an antero- 
posterior skull film. The position of the ventricles will tell us if there is 
midline shift and determine the need for a craniotomy. In those 
patients who stabilize and in whom the need for computed tomo- 
graphic scanning is less urgent, we do not perform a ventriculostomy, 
but defer the scan until later in the course. If the scan is abnormal, we 
return the patient to the OR for craniotomy. 

As has been pointed out by many members of this Association, the 
outcome of blunt full arrest is universally bad. Using the most experi- 
enced personnel and the most advanced resources, we have been able 
to occasionally reinstitute mechanical action in the heart and sustain 
BP for short periods. On two occasions, we have been able to restore 
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BP and adequate hemodynamic values only to have the patient die of 
cytoxic cerebral edema within 48 hours. Therefore, it is our policy 
now to pronounce all blunt full arrests as dead on arrival. 

Dr Jordan, thank yowfor your question and your comment. We do, 
in fact, have a stancard. That standard is derived from the Major 
Trauma Outcome Study of the American College of Surgeons. We 
have used the TRISS methods that allow one to predict mortality by a 
logistic regression equation based on the variables of trauma score, 
Injury Severity Score, and age. We compared the survival predicted 
by the TRISS methods with our observed survival and found that our 
observed survival was significantly better than that predicted from 
our standard, which is based on a data set of some 20 000 to 30 000 
patients treated at trauma centers. As the report shows, our patients 
are well matched to those in the Major Trauma Outcome Study, 
making this a valid camparison and suggesting that ORR does pro- 
vide for improved survival. 

invited Editorial Comment 

This report has been directed toward assessing the practicality for 
direct admission to the OR for certain types of trauma victims. The 
premise on which this investigation was conducted is that the more 
prompt the definitive eare, the better the chances are of saving the 
critically injured patient. In this regard, it is hard to disagree. 

Each environment, however, is different and direct admission to 
the OR is only possible m those institutions where there is immediate- 
ly available OR personnel to assist in the resuscitation and to facili- 
tate immediate operation. In some institutions, open techniques such 


as thozacotomy are best conducted in the emergency department 
either because of the lack of proximity to the OR or because of the 
better availablity of staff and resources. 

I'certainly agree that persistent hypotension that fails to respond 
to fluid resuscitation is best treated by prompt operation, especially if 
the case involves penetrating trauma. When blunt trauma is in- 
volved, we agree that time spent in the emergency department to 
obtain ~oentgenograms often facilitates diagnosis. This avoids un- 
toward OR use for such conditions as untreatable head injury and 
directs therapy toward the appropriate area, such as toward an 
unsuspected cardiothoracic injury. l 

I completely agree that cardiac arrest following blunt trauma has 
such £ lew survival that open thoracotomy is not appropriate unless 
hypotaermia is involved or the situtation consists of observed arrest 
in an iafant or child. 

My only real point of disagreement relates to the management of 
exterral hemorrhage. In almost all instances, this can be controlled in 
the emergency department where resuscitation can be initiated fast- 
er than in the OR. Once again, however, this is environmentally 
relatec. When there are penetrating chest injuries, these can be 
manag=din the emergency department or by direct OR admission, 
depencing on accessiblity of one or the other and the rapidity with 
which the hemorrhage can be assessed and controlled when arrest or 
near arrest is evident. 


F. WILLIAM BLAISDELL, MD 
Sacramento, Calif 
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Value of Assessment of Ploidy in Rectal Cancers 
Edwin R. Fisher, MD; Richard H. Siderits, MD; Richard Sass, PhD; Bernard Fisher, MD 


Flow cytometry was performed on available archival material frem 232 patients with reetal cancer enrolled 
in the National Surgical Adjuvant Breast and Bowel Project protocol R-01. Tumor ploidy was not found to 
be significantly related to such pathologic and clinical parameters as Dukes’ stage; nodal status; nuclear or 
histologic grades; patient’s age, sex, or overall survival rate wita an average study time of 79 months. A 


trend was evident that patients with poor histologic grade, or those with Dukes’ B and C tumors that were 
aneuploid fared worse than those with diploid cancers. However, measurements of survival were found to be 
more strongly and consistently related to such conventional prognestic parameters as tumor differentiation, 
Dukes’ stage, and nodal status. Further, numbers of nodes wih metastases (ie, 1 to 4 or 5+) more 
significantly diseriminated Dukes’ C cases than estimation of tumor ploidy. Although tumor ploidy may 
reflect some features of rectal cancers, their natural history and prognosis are explained better by assessment 
of conventienal parameters used for these purposes (Arch Pathol Lat Med 1989;113:525-528). 


Reprint requests to National Surgical Adjuvant Breast and Bowel Project, Institute of Pathology, Shadyside 


Hospital, Pittsburgh, PA 15232 (Dr Fisher). 


910 Arch Surg—Vol 124, August 1989 





Traumatic Injuries — Hoyt et al 


The Reasons for Failure 


in Parathyroid Operations 


Kenneth E. Levin, MD, Orlo H. Clark, MD 


è Primary hyperparathyroidism occurs in about 1 in every 700 
individuals. We analyzed our experience with 81 patients with 
persistent or recurrent hyperparathyroidism who were treated at 
the University of California, San Francisco, and the Veterans 
Administration Medical Center, San Francisco, from January 
1979 through September 1988. In the 89 reoperations performed, 
the following six reasons or combination of reasons were re- 
sponsible for the failed initial operation: (1) in 50 patients, there 
were multiple abnormal glands (30 hyperplastic and 20 second 
adenoma); (2) in 40 patients, the tumor was located in an ectopic 
position (22 mediastinal, 9 deep-seated cervical, 7 intrathyroidal, 
and 2 undescended); (3) in 17 patients, there were supernumer- 
ary parathyroid glands; (4) in 12 patients, the abnormal parathy- 
roid glands were found in normal locations and the tumors were 
missed because of surgeon inexperience; (5) in 4 patients, failure 
was due to metastatic parathyroid cancer; and (6) in 4 patients, 
failure was due to errors on frozen section examinations. Preop- 
erative localization studies usually identified the abnormal para- 
thyroid tumor(s) prior to reoperations and were helpful in these 
patients. Knowledge of the reasons for failed parathyroid opera- 
tions and the usual and unusual sites where parathyroid tumors 
are situated as well as a complete exploration should decrease 
the frequency of failed parathyroid operations. Localization stud- 
ies are helpful for identifying these often elusive tumors. 

(Arch Surg. 1989;124:911-915) 


rimary hyperparathyroidism occurs in about 1 in every 

700 individuals. The removal of hyperfunctioning para- 
thyroid glands in patients with hyperparathyroidism usually 
results in the prompt resolution of clinical symptoms and 
metabolic manifestations.’ Successful parathyroid surgery 
depends on the identification and removal of the abnormal 
parathyroid tissue. Failure to identify and remove hyperfunc- 
tioning tissue results in persistent or recurrent hyperpara- 
thyroidism and the need for reoperation. At reoperation, the 
remaining parathyroid glands are more difficult to identify 
due to increased scarring with loss of normal tissue blanes, 
and the risk of operative complications is increased.*” 


Accepted for publication April 3, 1989. 

From the Veterans Administration Medical Center (112), San Francisco, 
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Read before the 96th Annual Meeting of the Western Surgical Association, 
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The purpose of this study was to determine the reasons for 
failure at the initial parathyroid operations in patients subse- 
quently requiring reoperations for persistent or recurrent 
hyperparathyroidism. The embryological arigin of the para- 
thyroid glands and the use of parathyroid lecalizatien studies 
were also examined. 


PATIENTS AND METHODS 


We performed 89 reoperations for persistent or recurrent hyper- 
parathyroidism in 81 patients from January 1979 to September 1988 
at the University of California, San Francisco, and Veterans Admin- 
istration (VA) Medical Center, San Francisco. Seventy-one of these 
patients were referred after undergoing one or more parathyroid 
explorations at other institutions. The patients’ records, including 
initial operative and pathology reports and reoperative findings, 
were evaluated. The embryological origin of the parathyroid glands 
was considered in relation to the locations of the 89 parathyroid 
tumors found at reoperation. Parathyroid localization studies were 
routinely performed prior to reoperation and the results of these 
studies were analyzed. 


RESULTS 


EKighty-one patients underwent 89 reoperations for persis- 
tent or recurrent hyperparathyroidism (Figure). Parathyroid 
tumors were removed in 83 of the operations; there were 6 
negative explorations, including 3 median sternotomies. Fif- 
ty-five of the successful reoperations were performed for 
persistent hyperparathyroidism, defined as hyperparathy- 
roidism occurring within 6 months after parathyroidectomy. 
There were 30 reoperations for single adenoma, 13 for second 
adenoma, 11 for hyperplasia, and 1 for parathyroid cancer. 
The other 28 successful reoperations were for recurrent hy- 
perparathyroidism (hyperparathyroidism returning after a 6- 
month period of normal parathyroid function). Nineteen of 
these reoperations were for hyperplasia, 7 were for second 
adenoma, 1 was for single adenoma, and 1 was for parathyroid 
cancer. 

Six reasons for failure at the initial parathyroid operations 
were identified (Table 1). Many of the patients were found to 
have more than one reason for failure. The most common 
reason was the presence of multiple abnermal giands (50 
patients) and the failure to recognize and remove all the 
abnormal parathyroid tissue at the initial operations. Thirty 
patients had hyperplastic glands and 20 patients had a second 
adenoma. 
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Locations of 89 parathyroid tumors at reoperation. Anterolateral view 
of the neck with the right thyroid lobe retracted medially. Asterisks 
denote ectopically located tumors. STA indicates superior thyroid 
artery; STV, superior thyroid vein; ITA, inferior thyroid artery; ITV, 
inferior thyroid vein, CA, carotid artery; JV, jugular vein; and RLN, 
recurrent laryngeal nerve. 


Ectopically located tumors were the reason for failed initial 
operations in 42 patients. Forty ectopically located tumors 
were identified and removed at reoperation in the anterior 
mediastinum, deeply seated in the neck, intrathyroidal, in the 
posterior mediastinum, and undescended anterior to the ca- 
rotid bulb. The majority of these 40 tumors were in locations 
where an experienced surgeon should be expected to search 
during neck exploration based on the knowledge of the em- 
bryological origin of the parathyroid glands (Table 2)."* Sur- 
geon inexperience at the original parathyroid operation was 
believed by the authors of this report to be the clear reason for 
failure in 12 patients undergoing reoperation. This was de- 
fined as the situation when the parathyroid tumor was found 
in a norma! location at reoperation in the absence of other 
reasons for failure. 

Many of the 22 mediastinal parathyroid tumors were re- 
moved through a standard cervical approach at reoperation 
by delivering the upper thymus into the wound (10 tumors) or 
by exploring the posterior superior mediastinum (3 tumors). 
The other 9 mediastinal tumors were removed via median 
sternotomy, with 4 intrathymic tumors, 4 posterior mediasti- 
nal tumors, and 1 aortopulmonary window tumor removed. 
Two median sternotomies were performed with parathyroid 
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Problem 


Multiple abnormal glands 
Hyperplasia 
Second adenoma 

Ectepic position 
Mediastinal 
Deep-seated cervical 
Intrathyroidal 
Undescended 


Supernumerary parathyroid glands 


Surgeon inexperience 
Metastatic parathyroid cancer 
Errer on frozen section diagnosis 


Table 1.—Reasons for Failed Parathyroid Operations 


No. of Patients 
Experiencing Problem* 





*Many of the 89 reoperations were a result of multiple causes of failure at 


the initial operation(s). 





Develop from the dorsal endo- 
derm of the fourth pharyngeal 
pouch 

Migrate with the lateral lobes of 

the thyroid as it descends cau- 

dally 


Table 2.—Embryology of the Parathyroid Glands 


Superior Parathyroid Glands inferior Parathyroid Glands 


Embryology 









Develop from the dorsal endo- 
derm of the third pharyngeal 
pouch 

Developmentally, closely associ- 

ated with the thymus (ventral 

endoderm of the third pouch) 

















Usual Location 
At tne level of the middle or upper At the level of the inferior poles of 

third of the thyroid, posterior to the thyroid anterior and caudal 

the junction of the inferior thy- to the junction of the inferior 
reid artery and the recurrent thyroid artery and the recurrent 
laryngeal nerve, at the level just laryngeal nerve, or in the thy- 
caudal to the cricothyroid mus- rothymic ligament at the top of 
ce the thymus 
















Ectopic Locations 
Tracheoesophageal groove, re- Within the thymus in the anterior 
trocarotid, retroesophageal, mediastinum, at the carotid bi- 
retropharyngeal, intrathyroidal, furcation, in the carotid sheath, 
posterior mediastinum undescended (above the upper 
thyroid pole), in the pericar- 
dium, anterior mediastinum not 
associated with the thymus, in- 
trathyroidal 


tumors identified in lower cervical positions. Three median 
sternetomies were performed at the time of the negative 
cervieal explorations, yet the parathyroid tumor could not be 
identified in these patients. 

Intrathyroidal parathyroid tumors were removed in seven 
reoperations. None of these patients had a thyroidotomy or 
thyroidectomy at their initial operation. Five cases repre- 
sented persistent hyperparathyroidism from a single adeno- 
ma and two were cases of primary hyperplasia, one persistent 
and one recurrent. These seven patients underwent preoper- 
ative 10-MHz real-time cervical ultrasonography prior to re- 
exploration, with six positive studies and one false-positive 
study. 

Deeply seated cervical parathyroid tumors (ie, retrocarotid 
or within the carotid sheath) were removed in seven reopera- 
tions. These tumors were identified only after opening and 
exploring within and posterior to the carotid sheath. Retro- 
carotid tumors were found in five patients and represented 
glands of superior embryologic origin. Carotid sheath tumors 
were found in two patients; therefore, the patients had 
maldescended inferior glands. Undescended inferior para- 
thyrcid glands were removed from two patients at reopera- 
tion (one single adenoma and one hyperplastic gland). 
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Table 3.—Summary of Reoperative Parathyroid Localization Studies* 


a. Oke ss Se a oe ge 
43 (60) 
21 (29) 

8 Be 





No. Bd SP a Ps a bie, dll ON i, Sea: | of Patients 


Thal-Tc CT 

39 (62) 20 (45) 
14 (22) 18 (41) 
10 ir 6 ie 


SVC and PTH 
21 (68) 


*MRI indicates magnetic resonance imaging; US, 10-MHz rea-time ultrasonography; Thal-Tc, thallium-technetium subtraction scamning; CT, computed 
tomography; and SVC and PTH, selective venous catheterization and parathormone sampling. 


Supernumerary glands were present in 12 patients with 
hyperplasia and in 5 patients with adenomas, and were found 
in both usual and ectopic positions. Only 1 of the 12 patients 
with supernumerary glands and hyperplasia (3 primary, 5 
secondary, and 4 multiple endocrine neoplasia type I) had the 
tumor found in the thymus at reoperation. 

In four patients, failure was due to metastatic parathyroid 
cancer; two patients had invasive cancer localized to the 
ipsilateral neck region, one patient had a solitary liver metas- 
tasis, and one patient had a pelvic metastasis. The ectopic 
tumors in the latter two patients were found at autopsy in one 
patient, and by selective venous catheterization for parathor- 
mone sampling and subsequent roentgenograms of the pelvis 
and open biopsy in the other patient. Four patients had errors 
in diagnosis on frozen section tissue examinations at their 
initial operations; thyroid adenomas were diagnosed as para- 
thyroid adenomas, with resultant persistent hyper- 
parathyroidism. 

The majority of patients (n=71) in this series had their 
initial operations performed in other institutions and, there- 
fore, did not have preoperative parathyroid localization stud- 
ies. Two patients had falsely positive localization studies that 
may have contributed to failed initial operations. 

A policy of aggressive utilization of preoperative localiza- 
tion techniques was used in the management of these patients 
prior to their reoperations. The localization studies were 
helpful in identifying these often eetopic tumors (Table 3). 

In 74 (91%) of the patients, one or more parathyroid tumors 
were identified at the initial reoperation and were successful- 
ly treated. Four of the 7 remaining patients underwent anoth- 
er reoperation after additional localization studies, and 3 were 
successfully treated. Another patient developed recurrent 
secondary hyperparathyroidism 8 years after a successful 
reoperation and had a successful second reoperation. 


COMMENT 


Six reasons for failed parathyroid operations were identi- 
fied in 81 patients undergoing reoperations for persistent or 
recurrent hyperparathyroidism. The most common reasons 
were the presence of multiple abnormal glands and parathy- 
roid tumors that were situated in ectopic positions and were 
not identified at the initial operation. This was especially a 
problem with multiple endocrine neoplasia type I (6 patients) 
and familial hyperparathyroidism (2 patients). Surgeon inex- 
perience and inadequate exploration of the neck and superior 
mediastinum continues to be a major cause of failed parathy- 
roid operations.” 

Complete exploration of the neck and superior mediasti- 
num to identify all four parathyroid glands should limit the 
number of failed initial parathyroid operations. Preoperative 
localization studies, particularly 10-MHz real-time sono- 
graphy, may aid in identifying intrathyroidal parathyroid 
tumors that might otherwise be missed at operation. It snould 
be emphasized, however, that localization studies are not 
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very accurate in patients with multiple abnormal parathyroid 
glands, and that both false-positive and false-negative local- 
ization tests occur. A thorough bilateral neck exploration is 
therefore still warranted. The abnormal-appearing gland(s) 
should be removed and frozen section examination should be 
performed to document whether the removed tissue is para- 
thyroid and whether it is normal or hyperplastic. If only one 
gland is abnormal, it is a parathyroid adenoma, whereas if all 
the glands are abnormal, it is primary hyperplasia. 

When normal or abnormal parathyroid glands are not found 
in the usual sites, a search in the known ectopic sites must be 
performed. If a lower gland is missing, the ipsilateral thymus 
should be surgically delivered from beneath the manubrium 
and removed. If an upper gland is missing, exploration of the 
retroesophageal, retrocarotid, carotid sheath, and posterior 
mediastinal regions is indicated. Then, if fewer than two 
glands have been found, a posterolateral thyroidotomy should 
be done or a partial or total thyroid lobectomy performed. 

If four normal glands have been identified and no parathy- 
roid tumor is found, the four normal-appearing glands should 
be confirmed by biopsy and their positions identified with 
surgical clips. In such patients, the supernumerary or fifth 
gland is usually situated in the mediastinum, although all of 
the possible ectopic sites, including undescended, should then 
be explored for a supernumerary gland.” At the completion of 
the operation, the surgeon should be satisfied that a parathy- 
roid tumor is not present in the neck or approachable through 
a cervical incision. Mediastinal exploration via a median ster- 
notomy is recommended at the initial operation only if the 
serum calcium level is greater than 3.24 mmol/L because of 
the risk for these patients of developing hyperealcemic crisis.” 
These patients usually have relatively large parathyroid 
tumors.” 

In patients with primary or secondary hyperplasia, when 
all of the parathyroid glands are abnormal, a biopsy of the 
most normal-sized parathyroid gland that is most distant 
from the recurrent laryngeal nerve should be done before the 
other hyperplastic glands are removed. The gland remnant 
should be the size of a normal gland (about 50 mg). Once the 
gland has been confirmed to be parathyroid tissue and the 
gland remnant appears viable, then all of the remaining 
glands can be removed. The biopsy is performed first to avoid 
causing hypoparathyroidism in case the remnant is damaged 
or appears to be devascularized. If this happens, this remnant 
is completely removed and a biopsy of another gland is done. 
In all patients with hyperplasia, a bilateral thymectomy is 
recommended because a fifth gland is found there in about 
15% of the cases.” 

Patients requiring reoperation for persistent or recurrent 
hyperparathyroidism should undergo aggressive localization 
attempts prior to reoperation because of the high frequency of 
ectopic tumors as well as increased scarring and loss of normal 
tissue planes. Preoperative parathyroid localization shortens 
operating time by avoiding unnecessary dissection, improves 
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surgical results, and reduces operative complications.*""" A 
combination of localization tests is advocated due to the high 
ineidence of false-positive and false-negative noninvasive 
studies in patients with previous parathyroid operations. 
Knowledge of the reasons for failed parathyroid operations 
and of the usual and unusual sites where parathyroid tumors 
are situated as well as a complete bilateral neck exploration 
will decrease the ineidence of failed parathyroid operations. 


Selective use of localization studies is quite helpful, when used 
in combination, in identifying these often elusive tumors that 
were not removed at previous operations. 


This study was supported in part by the Medical Research Service of the 
Veterans Administration and the Department of Surgery at the University of 
Calitornia, San Francisco. 
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Discussior 


JON A. VAN HEERDEN, MD, Rochester, Minn: Claude Organ, MD, 
once stated that the second most difficult decision to make in surgery 
was when te operate, and the most difficult decision was when to 
reoperate. This certainly holds true for reoperative parathyroid sur- 
gery which, in contrast to the initial operation, can be a surgical 
nightmare and is seldom a technical waltz. 

Drs Clark and Levin are to be congratulated for the excellent 
results achieved in this difficult group of patients. To the best of my 
knowledge, this represents the highest success rate in reoperative 
parathyroid surgery reported to date. The authors clearly spell out 
the classic reasons for initial failure, and I wholeheartedly agree with 
them. They emphasize that mistakes can be made by both the initial 
surgeon and by the surgical pathologist, and that the most important 
mistakes relate to the following: (1) An underestimation of multiple 
gland involvement, be it by hyperplasia or double adenomata. This 
report once again points out that in 1989 unilateral exploration 
should never be dene and that in those patients with definite hyper- 
plasia, particularly if multiple endocrine neoplasia type I is present, a 
transcervical thymectomy should be a routine part of the cervical 
exploration. (2) A lack of knowledge regarding parathyroid embryo- 
legical origin by the initial operating surgeon. The authors remind us 
of the old, and most useful, adage that if the superior parathyroid 
gland is not found superior to the inferior parathyroid gland, one 
should look inferior to the inferior gland for the superior gland, and if 
the inferior gland is not found inferior to the superior gland, one 
should look superior to the superior gland for the inferior gland! (3) 
An underestimation ef the frequency of more than five parathyroid 
glands. This incidence I feel is conservatively 12%. 

The authors emphasize that preoperative localization is important 
in the reoperative patient, and I certainly agree. However, what is 
unclear to me is what Dr Clark advises regarding preoperative 
localization and in which sequence they should be employed? I would 
like the authors te tell us if every patient should undergo ultrasono- 
graphy, computed tomographic scanning, arteriography, selective 
venous sampling, thallium scanning, and magnetic resonance imag- 
ing (MRI). I woulc hape not! 

I would also appreciate Dr Clark’s opinion regarding the true value 
of these expensive and invasive localizing modalities. Since the failure 
rate for every modality ranged from a low of 33% for MRI to 55% for 
computed tomographic seanning, was the reason for the high success 
rate in the series due to the 50% to 60% accuracy of the preoperative 
localizing modalities or to the consummate and well-recognized skill 
of Dr Clark? 

Lastly, does Dr Clark use ultrasound-guided fine-needle aspiration 
in this difficult group of patients. I value the opportunity to discuss 
this excellent contribution and would urge all parathyroid surgeons to 
read this report carefully. 
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NorMAN W. THompson, MD, Ann Arbor, Mich: I, too, would like to 
comp iment the authors on bringing this report to our attention. I 
think we have learned from our failures and our colleagues’ failures. 
We-recently had the opportunity to review a very similar series, 900 
patents with 87 reoperative cases, and we found that the surgeons in 
our area failed for a few different reasons. 

We found that the No. 1 cause of failure was a missed single 
adenema in the neck, in contrast to only 12 in the series reported. 
That meant that the surgeons exploring these patients weren't doing 
a good job. Frankly, the number of reoperative cases we get has 
increased since the use of localization. Many internists are obtaining 
localization studies, telling their surgeons where the parathyroid is, 
anc inexperienced surgeons are exploring and not finding the disease. 
] piace no reliance whatsoever on localization studies in the initial 
explaration. Second, a second adenoma, as emphasized by the au- 
thars, is a common cause of failure. That means either a unilateral 
explaration or an inadequate second exploration on the contralateral 
side was done. Third, unrecognized hyperplasia (asymmetrical hy- 
perpiasia) is a cause. Usually there is one enlarged gland and three 
glancs that are essentially normal. Most of these glands have multiple 
endoerine neoplasia type I. 

The ones we all miss are deep mediastinal adenomas and, finally, 
parathyroid cancers. All three of the recurrent parathyroid cancers 
eneountered in this reoperative group had either been broken into or 
undergone biopsies by the initial surgeon, obviating a chance for cure. 
This should never be done. 

The most commonly missed gland we found in our reexploration 
series was a superior gland in contrast to what the literature quotes. 
These represent a technical failure and can always be obtained 
through a neck exploration. The maneuver we use for either a prima- 
ry or a reoperative case is to open this plane initially and look for 
glands in this location. We don’t consider those ectopic. I think Dr 
Clark in his report did. This is where enlarged glands go in 40% of the 
cases. That area must be explored as part of the primary exploration. 
When this maneuver is made, the prevertebral fascia can be seen and 
the normal superior gland can be seen if it is there. It takes about 5 
minutes to do this. Ifit isn’t there, then it is in the posterior mediasti- 
num. and a finger inserted in that area will pick it up. 

Imour last 900 cases, in only one patient the gland was missed, only 
because the surgeon interpreted this gland as a superior gland. It was 
in the sheath. That makes it an inferior gland and the true tumor was 
dawn at this level. That represented the only failure. In other words, 
a superior gland (as Dr van Heerden described it) below the inferior 
gland should always be identified. Reoperative cases for a superior 
gland are the easiest that we encounter. We make a lateral incision at 
the earotid sheath and open the plane that has never been entered, 
ard out pops a huge adenoma after a previous 5-hour operation. Those 
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are totally preventable cperations with a good initial explorazion. The 
one case where localization studies are in order is in a patient in 
parathyroid crisis. 

R. DALE LizecuHty, MD, Denver, Colo: We have been doing an 
anatomic study on patients with hyperplasia using nature’s experi- 
ment of enlarging the gland. We have found, and I think this is 
something you can remember to tell your residents at the cperating 
table, that if you are locking for all four glands, there is abcut a 50% 
chance of one of those glands being anatomically aberrant. 

EBERHARD A. Mack, MD, Madison, Wis: Do the authors have any 
indication whether the primary surgeon was relying too h2avily on 
the thallium-technetium modality in the more recent years of the 
study? Can this have contributed to missing the glands when the 
surgeon was looking for, perhaps, a thyroid adenoma anc initially 
thought it was a parathyroid adenoma? 

Dr CLARK: I would like to thank the Association for allowing us to 
present this report and then thank all the discussants for their 
excellent remarks and questions. First, Dr van Heerden, in his usual 
fashion, is very kind. Most of the centers doing a lot of the reoperative 
surgery are having much better success rates than the 50% rate 
formerly quoted in the literature. It is not because we are better 
surgeons than our professors, although we might think so (I am sure 
they wouldn’t think so), and I don’t think we are at all. It is because we 
have help from our radiology colleagues. 

Are localizing studies necessary? I certainly think localizing stud- 
ies are not necessary if a patient hasnot had previous head and neck 
surgery. Ifthey have had such surgery, I think it is a mistake to not do 
localizing procedures. For one reason, if there has been a previous 
parathyroid operation, the tumor is more likely to be in the ectopic 
position, and second, there can be fairly dense scarring, at least in 
some necks. You can spend a lot of time worrying about the recurrent 
laryngeal nerve and the location of the normal parathyroid glands. 

Basically, I do an ultrasound alone in a patient who has not had a 
previous parathyroid operation. We have access to 10-MHz real-time 
ultrasound, which is the best procedure I think, and we can find about 
75% to 80% of the tumors. It helps me not only because it shows me in 
many cases where the gland is, but it also tells me where the gland is 
not. I know it is not thyroidal, so I don’t have to do incidental 
lobectomies or thyroidotomies. I know it is probably going to be a 
deep-seated gland, ie, an upper gland going down along th2 esopha- 
gus or a lower gland that is in the mediastinum. 


In primary operations, MRI, thallium-technetium, and ultrasound 
in our hands and with excellent colleagues in radiology, al! have about 
a 75% success rate. Now, you can select your series any way you 
want. If you take patients with solitary adenomas, you can get all 
these studies with a 90% success rate. The trouble is, I just reviewed 
my own series with using thallium and ultrasound in patients who had 
more than one adenoma gland, and the success rate was around 20%. 

Are surgeons being led astray by localizing studies? I think localiz- 
ing studies are very helpful, but if that is all you have and don’t know 
the embryological origin and where the gland is going to be found, you 
are going to be led astray. A patient was recently referred to me 
because the localizing study findings were negative. The reason I use 
ultrasound again is that it is the cheapest methad. It costs about $200 
vs thallium-technetium, which is about $500 or $600 in our institution. 
Magnetic resonance imaging and computed tomography are around 
$700 or $800. The other localizing studies, MRI and computed tomog- 
raphy, are really better for identifying lesions distant from the thy- 
roid gland, the ones that are more difficult to find. So they are very 
helpful. 

Which studies do I use? I generally do all three. That is not cost- 
effective, and it is probably not the best approach. As Dr Levin 
mentioned, sometimes one test will suggest one lesion in ene area and 
another test will show a lesion in another area, se performing multiple 
tests helps. Many of our patients come from a distance, and it is 
impossible to coordinate the different studies. If you had a patient 
who didn’t want to pay anything or very little, I would do ultrasound 
with fine-needle biopsy. You know then that it is definitely a parathy- 
roid gland because you have the cytologic findings. There may be 
another abnormal parathyroid gland, but you know at least that there 
is going to be one. 

I think there have been increased failures since the use of localiza- 
tion tests. Most general surgeons are doing parathyroid surgery. In 
the past, that wasn’t always the case, so I think there is a growing 
learning curve. This change, in addition to the use of localizing 
studies, may be responsible for the increased failure rate. 

We were trying to be somewhat kind because many of these 
lesions, as Dr Thompson said, should have bean found at the first 
operation. I don’t think there is any question abeut that. A lesion is in 
the ectopic position when you can’t find it, and is in the normal 
position when you can! 
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Bilary Lithotripsy 


Determination of Stone Fragmentation Success 


and Potential Tissue Injury in Swine 


Timothy F. Deaconson, MD; Robert E. Condon, MD, MS; Lee Ann Weitekamp, M3; Susan Kretzschmar, MD; 


Frank P. Begun, MD; Russell K. Lawson, MD 


e Application of extracorporeal shock wave lithotripsy to gall- 
bladder stones was studied in 37 adult female swine. Twenty-two 
sows underwent cholecystostomy with implantation of human 
gallstones. In 20 animals, after a 10-day recovery period, extra- 
corporeal shock wave lithotripsy, 2000 shocks (an amount deter- 
mined in preliminary water bath studies to be effective), was 
performed. In 10 of these implanted swine, frequent focal point 
refocusing and biplanar ultrasonography were employed. Two 
animals served as operative controls. Fifteen other animals with- 
out gallstone implantation were studied for adverse effects of 
extracorporeal shock wave lithotripsy on tissue. These animals 
(unimplanted) received 5000 shocks; 7 animals were killed 1 to 4 
days after treatment and the others were killed after 4 weeks. 
Biochemical tests (total bilirubin, alkaline phosphatase, lipase, 
amylase, alanine aminotransferase, and lactate dehydrogenase 
determinations) were performed on all animals at entry and every 
second or third day until they were killed. Successful fragmenta- 
tion, defined as all residual gallstone fragments being less than 
or equal to 4 mm in greatest dimension, was achieved in 14 of 20 
animals overall, but in 10 of 10 animals in which focal point 
refocusing had been used. Slight perivascular hemorrhage and 
minimal coagulation necrosis were seen histologically only in 
the liver parenchyma adjacent to the gallbladder bed. The re- 
mainder of the liver was grossly and histologically normal. No 
injuries to the colon, duodenum, common bile duct, or pancreas 
were observed. No alterations suggesting injury or altered func- 
tion occurred in any of the biochemical tests. 

(Arch Surg. 1989;124:916-921) 


AT increasing amount of information is available pertain- 
ing to the use of extracorporeal shock wave lithotripsy 
(ESWL)in humans and animals. The majority of this informa- 
tion relates to the use of ESWL in the treatment of renal 
calculi. Shock wave treatment has been successful in frag- 
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menting 85% to 90% of renal calculi. Less-extensive informa- 
tion exists on ESWL applied to gallbladder stones. 

Aboat 1 in 10 persons in the United States, ie, more than 20 
millien people, are estimated to have gallbladder or biliary 
tract calculi.’ Although more than half of these patients are 
asympsomatic, approximately 18% of asymptomatic patients 
eventually will develop biliary colic or another complication 
due to their gallstones. More than 500 000 cholecystectomies 
are performed in the United States every year.’ Although 
surgical treatment has been the traditional intervention for 
stones in the biliary tract, nonsurgical practices such as 
ESWL have recently been investigated as possible treat- 
ments of gallbladder stone disease. 

Stucies in humans, in which gallstone fragmentation suc- 
cess was defined as all residual fragments less than 9 mm in 
maximal diameter, have been reported.’ A further report 
from the Munich group documented 91% successful gallstone 
clearance 12 to 18 months after ESWL followed by adjuvant 
oral Etaolytic therapy.’ 

Our =xperimental study was undertaken to determine the 
efficacy of shock wave lithotripsy applied to gallbladder > 
stones implanted in a swine model, and to assess potential 
injury -0 surrounding tissues caused by this treatment. 


MATERIALS AND METHODS 


Thirty-seven healthy adult Yorkshire sows were used. Lithotripsy 
was administered with a Northgate SD-3 extracorporeal shock wave 
lithotriptor, a device that uses an ultrasound-guided, computer-as- 
sisteé system for calculus location. Focused, electrohydrolic shock 
waves are generated in a removable membrane-covered ellipsoidal 
refleccoc. The pressure wave characteristics and energy output of the 
Northgate SD-3 are similar to those of the Dornier HM-3 (F.P.B., 
unpublished data, 1988). 

Gallstones were collected from 40 patients during elective chole- 
cysteetamy at Medical College of Wisconsin affiliated—hospitals, Mil- 
waukee The number of stones obtained from each excised human 
gallbladder varied from 1 to 13. A selection of 20 grossly uncalcified 
gallstones, ranging in clinical appearance from mixed to pure choles- 
terol stmes, were submitted for crystallographic analysis (roentgen- 
diffraction) to determine stone composition. These analyses (N. Man- 
del, personal communication) showed that all gallstones, regardless 
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of gross appearance or number of stones per patient, corsisted of 
more than 90% cholesterol and cholesterol monohydrate. Therefore, 
all gallstones used in this study were of similar composition. 


Water Bath Study 1 


In vitro studies were performed to determine if a dose-response 
relationship existed between the number of shocks delivered and 
resulting fragmentation of human gallstones. The experiment was 
carried out by suspending a clear polyethylene bag, approximating 
the size of an adult sow’s gallbladder, in a water bath at the focal point 
of the shock waves. Fifty-six human gallstones, singly and in groups 
of 2 to 18, with each set of stones originating from a single patient, 
were placed in the polyethylene bag. The total volume of stones in 
each trial was between 3.7 and 13.5 mL (mean, 7.5 mL) Shocks 
varying in number between 300 and 5000, at energy levels of 26 to 28 
kV, were delivered to the model. Each trial was stopped when no 
further apparent fragmentation had occurred for 200 consecutive 
shocks or when 2000 total shocks had been delivered. Fragments 
were then passed successively through 9-mm and 4-mm sieves to 
determine the maximal size of residual particles after shock wave 
lithotripsy 


Stone Fragmentation Study 1 


The 10 animals operated on for this experiment were given general 
anesthesia (endotracheal intubation, isoflurane closed-circuit inhala- 
tion), and aseptic surgieal preparation and techniques were used. A 
vertical midline laparotomy was performed in each animal and a 
cholecystostomy made in the body of the gallbladder. One to six 
sterilized (ethylene oxide followed by aeration) human gallstones, 2 to 
4 mL in total volume measured by water displacement, were placed 
into the gallbladder; the cholecystostomy was then sutured closed. 
The abdominal incision was closed and the animals were allowed to 
recover for 8 to 10 days. 

After the recovery period, the sows were again anesthetized and 
were positioned on the lithotriptor in the prone position so that the 
focal point was in the middle of the stone mass as visualized by 
unidirectional ultrasound imaging. Shock waves were generated with 
spark gap energies of 26 to 28 kV. The focal point was readjusted after 
every 400 shocks, and a total of 2000 shocks were delivered to each 
animal. Anesthesia was then terminated, and animals allowed to 
recover for 1 to 4 days. All animals were then killed, and necropsy was 
performed. The liver, gallbladder, common bile duct, and pancreas 
were resected en bloc. The gallbladder was opened and all its contents 
were irrigated onto-a large piece of filter paper. The contents on the 
filter paper were then placed in a desiccation chamber. When all the 
gallstone fragments were completely dried, they were sieved, mea- 
sured, and counted. The tissues harvested at necropsy were deliv- 
ered to the pathologist, who was blinded to the experimental condi- 
tions, for histologic examination. 


Water Bath Study 2 


In both water bath study 1 and stone fragmentation study 1, we had 
noted that as stone fragmentation progressed, the fragments tended 
to sediment in layers due to gravity, the smallest fragments forming a 
sludge layer below and the largest fragments resting superiorly. The 
sludge layer acted as an “acoustic shield,” progressively impairing 
targeting of the remaining stone fragments. 

Water bath study 2 was performed in the same manner as water 
bath study 1 except that bidirectional ultrasonic imaging was used to 
more accurately visualize the larger fragments atop the sludge layer 
to increase targeting precision. In addition, imaging and refocusing of 
the focal point was repeated after delivery of each 100 shocks. 


Stone Fragmentation Study 2 


The techniques and condition of this study were identical to those in 
stone fragmentation study 1 except that (1) biplanar ultrasonogra- 
phic imaging was used, (2) the energy source was increased to 27 to 29 
kV, and (8) the focal point was refocused in the top layer of larger 
fragments after each 100 shocks. 


Acute Injury Study 


Seven animals were used in these injury studies. Animals did not 
undergo gallstone implantation but were submitted while under an- 
esthesia to 5000 shocks (2.5 times the number given animals in the 


Arch Surg—Vol 124, August 1989 






fragmentation studies) focused on the middle of the gallbladder. 
These animals were necropsied 1 to 4 days after ESWL; the liver, 
gallbladder, common bile duct, and pancreas were resected en bloc 
and submitted with the gallbladder opened so»that the pathologist 
remained blinded as to whether the specimen was from an animal in 
the fragmentation group or a control animal. In addition te the tissues 
resected en bloc, sections of abdominal wall, skin, and duodenum also 
were submitted, coded to maintain blindness of the examining pathol- 
ogist. Gross and microscopic histologic studies were performed on 
these specimens to assess injury. 


Chronic Injury Study 


The eight swine used in the chronic injury study also received 5000 
shocks to the middle portion of the gallbladder: These animais were 
killed 4 weeks later. Necropsy and submission of tissues to the 
pathologist were carried out in the same manneras in the acute injury 
studies. 


Operative Controls 


Two sows underwent gallstone implantation without subsequent 
ESWL. These animals were necropsied at 1 to 4 days after stone 
implantation. Tissues were resected and processed in the same man- 
ner as described above. 


Biochemical Data 


Measurements directed to assess liver function were made of 
blood/serum samples obtained from all animals. The veterinary liter- 
ature contains few, and conflicting, reports regarding normal values 
for the biochemical test results obtained in this study. Therefore, all 
37 animals had blood/serum samples obtained before entry into the 
study; these results were used to define the range of normal (mean +2 
SDs) and are shown in the following tabulation: 


Normal Range 
Amylase 215-1831 U/L 
Lipase 6-20 U/L 
Alkaline phosphatase 30-160 U/L 
Total bilirubin 8-17 pmol/L 
Alanine aminotransferase 16-45 U/L 
Lactate dehydrogenase 212-675 U/L 


Amylase, lipase, alkaline phosphatase, total bilirubin, alanineamino- 
transferase, and lactate dehydrogenase determinations were con- 
ducted using standard methods in a licensed clinical labaratory. 
Samples were obtained from all animals at entry into the study and 
every second or third day until necropsy. One isolated amylase value, 
six times greater than all other values obtained in the same animal, 
was Giscarded as aberrant. 


Results of Water Bath Study 1 





No. of No.of Fragments 

Stones No. of Shock SE EI a 

Observation in Trial Discharges >4 mm >9 mm 
1 13 300 0 C 
2 8 600 0 C 

| a EE T 

4 1 5000 13 & 
5 1 1200 4 0 
6 11 300 1 T 
7 1 300 1 7 
8 1 300 0 c 
9 6 800 4 0 
10 3 1600 0 C 
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Statistics 


P<.05 (a risk) was considered significant. Differences in rates of 
fragmentation were assessed using x’ analysis. The Spearman corre- 
lation coefficient was used to assess a possible linear relationship 
between the number of shocks delivered to gallstones suspended at 
the focal point in the water bath and the number of fragments 
remaining that were 4 mm or larger or equal to 9 mm. 


RESULTS 
Water Bath Study 1 


There was no correlation between the number of shock 
waves delivered and the size of residual stone particles (Ta- 
ble). The correlation coefficient between number of shocks 
delivered and residual maximal fragment diameter of 4mm or 





Fig 1.—Gross specimen of liver and gallbladder immediately after 
extracorporeal shock wave lithotripsy (5000 shocks). There is hemor- 
rhage in the wall of the gallbladder and in the liver parenchyma 
immediately subjacent to the gallbladder. 


Fig 2.—Photomicrograph of section of gallbladder and liver immedi- 
ately after extracorporeal shock wave lithotripsy (5000 shocks). There 
is edema in the gallbladder bed and focal areas of hemorrhage and 
coagulation necrosis in the adjacent hepatic parenchyma (original 
magnification x 40). 
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9mm was r=.47 and r=.29, respectively. Significant further 
fragmentation did not occur in those stones remaining incom- 
pletely fragmented after 2000 shocks, when up to 800 addi- 
tional shocks were administered (gross observation). 


Stone Fragmentation Study 1 


In 7 of 10 animals, all stone fragments measured less than 
9 mm in maximal dimension,’ but in only 4 of these 10 animals 
were the stone fragments all less than or equal to 4 mm in 
maximal dimension. 


Water Bath Study 2 


After six trials, we confirmed our previous observation 
that initial fragmentation resulted in a sludge layer at the 
bottem with the largest residual fragments resting on the 
sludge layer. Refocusing the focal point on the large frag- 
ments on this acoustic shield resulted in eventual disintegra- 
tion of all stones so that no fragment larger than 4 mm 
remeined. 


Stone Fragmentation Study 2 


Using the altered technique, all stones were reduced to 
fragments less than or equal to 4 mm in all of the 10 animals 
utilized in this portion of the study. These results are shown in 
the fellowing tabulation: 


Fragmentation 
LT, 
Study1 Study 2 
(N=10) (N=10) 
Meen No. of stones (range) 2.2(1-6) 2.7 (1-6) 
Range of stone size, mm 10-16 5-15 
No. of shocks per animal 2000 2000 
No. of animals with residual fragments 
=4mm 6 0 
>=¢ mm 3 0 


In stady 2, P = .005 for number with residual fragments. This 
represented a significant improvement in fragmentation effi- 
cacy over that achieved in fragmentation study 1. 


Fig 3 —Photomicrograph of section of gallbladder and liver 22 days 
after extracorporeal shock wave lithotripsy (5000 shocks). There are 
no appreciable residual abnormalities of either gallbladder or liver 
(origimal magnification x 40). 
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Fig 4.—Serum biochemistry for amylase (top left), lipase (middle left), alanine aminotransferase (bottom 
left), alkaline phosphatase (top right), total bilirubin (middle right), and lactate dehydrogenase (bottom 
right) in animals (N = 8) followed up for 22 days after extracorporeal shock wave lithotripsy (ESWL). The 
data are grouped into 2- to 3-day intervals. The normal range (mean + 2 SDs) is indicated by the horizonta! 
lines. There were no deviations from the normal range in any of the test results. 
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Acute Injury Study 


There were no signifieant gross injuries (hemorrhage or 
perforation) to the gallbladder in any of the acute control 
animals. Six of the seven animals sustained minor hemor- 
rhage and coagulation necrosis to portions of the hepatic 
parenchyma immediately adjacent to the gallbladder (Fig 1). 
Minimal microscopic hemorrhage was noted in the gall- 
bladder wall in all animals. On serial section measurements, 
injury involved an aggregate volume of less than 1% of the 
total liver parenchyma. Five of seven animals showed mini- 
mal edema, noted only microscopically, within the wall of the 
gallbladder (Fig 2). All animals in this group sustained small 
(maximally, 2.0 x 2.0 em), superficial ecchymoses of the 
abdominal wall at the site of energy transmission from the 
machine to the animal. Ecchymosis was limited to the intra- 
corneal layer of the epidermis. No animals in this group 
sustained any gross or microscopic injury to the bile ducts, 
pancreas, or duodenum. 


Chronic Injury Study 


The minor hemerrhage and coagulation necrosis in the 
gallbladder bed noted in the acute injury group was found in 
only two of eight chronically injured animals. In these in- 
stances, the changes were not grossly visible and accounted 
for a smaller volume of the total hepatic parenchyma than in 
the acute injury study. None of the eight chronically injured 
animals manifested gross or microscopic evidence of any inju- 
ry to the pancreas, common bile duct, or duodenum. In addi- 
tion, none of these eight animals had gross or microscopic 
evidence of hemorrhage or edema within the gallbladder wall 
(Fig 3). One anima. showed residual microscopic evidence of 
skin eechymosis, again limited to the intracorneal layer of the 
epidermis. 


Operative Controls 


Minor gallbladder wall hemorrhage and edema were noted 
histologically at the cholecystostomy site. No other injuries 
were noted in the tissues examined. 


Biochemical Data 


There were no deviations from the normal range after any 
of the experimental manipulations in any of the tests con- 
ducted (Fig 4). 


COMMENT 


Previous animal studies also have been performed by Bren- 
del and Enders,’ who placed human gallstones measuring 3 to 
4 mm into 24 canine gallbladders and administered ESWL a 
few days later. They demonstrated some degree of gallstone 
fragmentation in two thirds of animals receiving fewer than 
700 shock discharges, and in 23 of 24 animals after 800 to 1200 
shoek discharges. In more than half of the latter group, and in 
all of the former, stone fragments were retained within the 


gallbiadder. Although not measured in the Brendel and En- 
ders study, residual fragment size after lithotripsy is impor- 
tant. Whether the stone fragments formed by lithotripsy will 
spontaneously pass, remain in the gallbladder, or impact in 
the cystic or common bile duct depends on fragment size and 
Shape as well as on the motility of the gallbladder. Human 
studies of gallbladder ESWL have been performed*; howev- 
er, human studies do not allow for posttreatment collection 
and measurement of residual fragment size, nor can extensive 
tissue sampling be accomplished to assess possible soft-tissue 
injury occurring in the surrounding viscera. 

A ‘ypical gallbladder harboring calculi contains a larger 
stone volume than does a kidney harboring stones, so that a 
larger mass of stone fragments is obtained after administra- 
tion cf ESWL to the gallbladder. The stone fragments form a 
layer suspended in gallbladder bile. Within this layer the 
smaliest stone fragments sink toward the dependent portion 
of the gallbladder (the fundus in the prone position), forming 
sludge, which functions as an acoustic shield to inhibit imag- 
ing anc targeting of the larger calculi remnants that float on 
top o* the sludge. 

We were able to consistently achieve gallstone fragmenta- 
tion with residual stone fragments all measuring 4mm or less. 
Altheugh targeting was performed in all 20 swine, the differ- 
ence in success between the first 10 animals and the last 10 
animals in our fragmentation studies was due to identification 
of the acoustic shield phenomenon and our consequent techni- 
cal adjustments, utilizing bidirectional ultrasonography to 
accomplish more precise and frequent reimaging and retar- 
geting. This significantly improved the efficacy of fragmenta- 
tion, and will be employed in our future human studies. The 
acoustic shield did not appear to markedly attenuate the 
shock wave energy delivered to residual gallstones or frag- 
ments once the focal point had been focused on the larger 
fragments of calculi. 

Our finding of minimal edema and microscopic hemorrhage, 
as well as minute gross petechial hemorrhage in the gallblad- 
der wall and bed as the total extent of injury associated with 
ESWL, has also been observed by others.” Our eight chroni- 
cally injured animals showed resolution of these changes, 
agair in agreement with Johnson and coworkers,” who 
showed changes to be absent from the gallbladder when 
excised 48 hours and 5 days after ESWL. The insignificant 
injury involving less than 0.1% of the liver parenchyma in 
both our acute and chronic injury groups parallels the bio- 
chemical test results, which revealed no evidence of signifi- 
cant injury or alteration of function. 

In summary, the Northgate SD-3 lithotriptor has demon- 
strated a capacity to fragment gallstones in vivo, consistently 
producing residual fragments measuring 4 mm or less. Effica- 
cy of stone fragmentation is due, in part, to our identification 
of the acoustic shield phenomenon and subsequent simple 
techrical adjustments to overcome this problem. Delivery of 
5000 shocks, 2.5 times the number necessary for adequate 
gallstone fragmentation, did not result in severe injury, or 
any lasting minor injuries, to the liver, gallbladder, common 
bile duet, duodenum, or pancreas. Gallstone lithotripsy, con- 
ducted in a model using human gallstones implanted in swine, 
appears to be efficacious and safe. 
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Discussion 


KENNETH J. PRINTEN, MD, Evanston, Ill: Dr Condon and his 
associates are to be commended for doing what Dr Condon has so long 
espoused, which is taking the surgical problem to the laboratory to 
make sure that what you are observing in clinical practice really 
works. There is no question that lithotripsy is the wave of the future 
for the treatment of a sizeable number of patients with cholecystolith- 
iasis. However, there are still a multitude of questions regarding 
appropriate selection of patients, adjunctive endoscopic procedures, 
continued medical therapy, and changes to all of the above imposed by 
newer technology. As with some of the clinical conditions discussed 
earlier in this program, it really behooves the surgeons to be involved 
in the early delineation and definition ef these problems so that we do 
not allow the same thing to happen to lithotripsy that happened to our 
fiberoptic endoscopy practice. 

The addition of biplane ultrasonography equipment in this particu- 
lar article adds a new dimension to the technology that is normally 
used with lithotripsy. It is heartening to note that even with 2.5 times 
the usual number of shocks delivered, there was minimal tissue 
damage in the acutely injured animals, which by and large had 
resolved in the chronically injured animal group. 

In addition, the ability to penetrate the acoustic shield o? sludge 
with biplane imaging is exciting because it should provide fragmenta- 
tion to such a degree that it will allow passage of all stones and stone 
fragments as sludge or fine gravel. It is important to note that this 
was accomplished only by constant refocusing of the equipment and 
really meticulous attention to detail. 

There was no addition of medical dissolution therapy to the litho- 
tripsy in this study. However, the ability to totally pulverize the 
stones with the use of the biplane ultrasound combined with the 
distastefulness of chenodeoxycholic acid and the cost of long-term 
ursodeoxycholic acid raises interesting questions with respect to 
extrapolation of these data to patient care. My questions are these: (1) 
How closely does the porcine biliary tract resemble the human sys- 
tem, especially with respect to size? Is the pig the appropriate animal 
to use for long-term studies? (2) With the systems now available that 
do not use a water bath, what do you feel about the possibilities of 
tissue damage using the standard number of shocks? (3) Do you 
intend to expand your studies to include common bile duct and 
intrahepatic stone fragmentation, especially since this is spotty in the 
literature and does seem to be associated with some tissue damage, 
especially in the liver? (4) Could you comment on the likelihood of 
accomplishing resolution of biliary lithiasis without adjunctive disso- 
lution therapy? Finally, since biliary colic is really the most trouble- 
some postoperative or posttreatment side effect of lithotripsy, how 
do you tell when a pig is passing a gallstone? 

RONALD C. JONES, MD, Dallas, Tex: We have evaluated the 
Medstone 1050 lithotriptor at Baylor Hospital in Dallas since January 
1988 under a Food and Drug Administration patient protocol. Our 
experience in patients and in animals is similar to that of this report. 

There are minimal changes in adjacent organs and gallbladder 
noted in animals after shock wave therapy. The Medstone unit dis- 
charges about 24 000 V using a similarspark gap energy souree to that 
of the Northgate unit. 

We have seen in the pig some ecchymosis of the gallbladder with 
fragmentation of stones with sludge present within the cystic and the 
common duct within 24 hours after shock wave therapy and subsero- 
sal hemorrhage and intact mucosa and muscularis. Ifthe lung is in the 
path, you may sometimes find a small area of ecchymosis within the 
lung. We have now treated 65 patients about 85 times, and we have 
not seen any significant organ injury. We have performed cholecys- 
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tectomies in five patients for a variety of reasons several weeks after 
shock wave treatment, and there have not been any abnormal micro- 
scopic findings. 

We, too, think that the sludge may interfere with fragmentation of 
the larger fragments. How long does it take to perform these studies 
in the animals if you are relocalizing at every 100 shocks, which means 
you are going to have to relocalize approximately 20 times? How wide 
is the focal point? If the focal point is 1 to 2 em, it is obvious that you 
may be able to treat more than one fragment with each shock. 

Obviously, the type of stone used in the experiment is going to 
affect the outcome. If these stones are primarily pure cholesterol, 
they are going to fragment much easier. Can you give us some idea of 
how to maintain these stones in a physiologic state to better interpret 
the fragmentation? 

Dr Conpon: How close is the pig to the human in size? The pig liver 
and gallbladder are very close in size, and the pig in terms of total 
animal weight is fairly close in size. The pig’s common bile duet is a bit 
smaller than the typical human common bile duct, but among the 
various animal models, it is a close approximation to human anatomy. 

Tissue damage without a water bath? Many of you are aware that 
the original Dornier model involved a swimmingpool into whieh you 
lowered the patient. This particular machine uses a membrane as a 
transducer to a patient’s skin. There is, as is also true of mest of the 
other spark gap machines, some ecchymosis at the entry point of the 
shock wave, but no other particular damage to skin and nosigmficant 
damage to other tissues. The hemorrhage that oecurs subserosally in 
the wall of the gallbladder and in the immediatety subjacenz hepatic 
substance largely clears over the following 3 to 4 weeks and does not 
appear to represent a persisting injury. 

Will we expand this technology to the treatment of common bile 
duct and intrahepatic stones? Perhaps. I am not prepared to go 
beyond that at this date. The common bile duct presents some poten- 
tial problems in terms of its delicate subserosal biood supply that may 
make application of any lithotripsy technique more hazardous than is 
true of the gallbladder. 

The next question had to do with the likelihood of clearing stones 
without adjunctive treatment. I think at this stage that gallstone 
lithotripsy has got to be viewed entirely as a matter of making small 
stones out of large stones so that a larger surface area is then available 
for bile salt litholytic therapy. I do not think the method will succeed 
without litholytic therapy, although that is an issue that will have to 
be settled after the initial clinical studies are done. My understanding 
is that the Food and Drug Administration currently is requiring 
litholvtic therapy in all the clinical studies being done. 

A treatment session takes somewhere between 1.5 and 3.5 hours, 
and the focal point is 1.8 by 0.5 em. The stones were nearly pure 
cholesterol and cholesterol monohydrate despite the fact that gross 
appearance varied from what we would recognize clinically as a pure 
cholesterol stone to very typical mixed pigmert-cholesterol stones. 
The dominant composition is cholesterol, and they do fragment more 
easily than would a calcium bilirubinate stone. We have not looked at 
calcium bilirubinate stones, but they are harderand smaller and may 
represent more of a problem. 

Finally, how did we maintain the stones in a physiologie state? The 
stones were stored in the bile of the patient fron-which they had been 
recovered. They were then gas sterilized and aerated immediately 
before insertion and, as indicated in the presentation, the process of 
gas sterilization did not alter fragmentability when compared with 
stones subjected to fragmentation tests immediately after removal 
from the bile. 
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Your investment 
in ZINACEF is 
starting to pay off. 








Your choice of ZINACEF for surgical prophylaxis is an 
investment that can yield outstanding returns in lower 
postop infection rates, shortened hospital stays, and an 
improved bottom line for your patients. 





Significant success against staphylococci 

In a recent study, ZINACEF was shown to be 
“significantly more effective...tnhan cefazolin in 
preventing postoperative wound infections following 
open-heart surgery’’'—especially against Staphylococcus 
aureus and S$ epidermidis. 





Reduces postoperative complications— 

infectious and financial 

A recent nationwide analysis revealed that each 
postoperative wound infection represents a 
nonreimbursable loss to a hospital of $2467 on average? 
By reducing the rate of infection, ZINACEF can help 
reduce these losses. 


l. Slama TG, Sklar SJ, Misinski J, et al: Randomized comparison of cefamandole, cefazolin, and cefuroxime 
prophylaxis in open-heart surgery. Antimicrob Agents Chemother 1986;29:744 747. 

2. Haley RW White JW Culver DH, et al: The financial incentive for hospitals to prevent nosocomial infections 
under the prospective payment system. JAMA 1987.257:1611-1€14. 


Please consult Brief Summary of Prescribing Information on next page before prescribing or administering ZINACEF 


Glax0 Giaxo inc. Research Triangle Park, NC 27709 


ZIN 346 


LINACEF 1 suo 


sterile cefuroxime sodium 


Brief summary. Before prescribing, cansa!! complete Prescribing Information. 


INDICATIONS AND USAGE: ZINAGEF® is indicated for the treatment of patients with infections caused by suscep- 

tible strains of the designated organisms in the following diseases: 

1. Lower Respiratory Tract Infections, including pneumonia, caused by S pneumoniae (formerly D pneumoniae), H 
influenzae (including ampicillin-resissant strains), Klebsiella sp, S aureus (penicillinase- and non-penicillinase-pro- 
ducing). S pyogenes, and E coli 

2. Urinary Tract infections caused by £ coli anc Kiedsiella sp 

3. Skin and Skin Structure Infections caused by S aureus (penicillinase- and non-penicillinase-producing), S pyogenes, 
E coli, Klebsiella sp, and Enterobacter so. 

4. Septicemia caused by S aureus (penicillinase- and non-penicillinase-producing), S pneumaniae, E coli, H influenzae 
(including ampicillin-resistant strains), ane Klebsiella sp 

5. Meningitis caused by S pneumiomae, 4 influenzae (including ampicillin-resistant strains), N meningitidis, and S aureus 
(penicilinas2- and non-penicillinase producing). 

6. Gonorrhea: Uncomplicated and disseminated gonococcal infections due to N gonorrhoeae (penicillinase- and non- 
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7. Bone and Joint infections caused dy S aureus (including penicillinase- and non-penicil'inase-producing strains) 
Clinical microbiological studies in skia and@’skin structure infections frequently reveal the growth of susceptible 

strains of both aerobic and anaerobic organisms. ZINACEF has been used successfully in these mixed infections in which 

several organisms have beermisolated. Appropriate cultures and susceptibility studies should be performed to deter 
mine the susceptibility of thecausatwe orgamsms to ZINACEF 

Therapy may be started while awaiting the results of thesesstudies; however, once these results become available, the 
antibiotic treatment should be adjusted accordingly In certain cases of confirmed or suspected gram-positive or gram- 
Negetive sepsis or in patientswith other serious infections in which the causative organism has not been identified, 
ZINACEF may be used concomitantly with an aminoglycoside (see PRECAUTIONS). The recommended doses of both 
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procedures. Effective prophylactic use of ant biotics in surgery depends on the time of administration. ZINACEF® (sterile 
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GENERAL SURGERY 
OPPORTUNITIES 


PITTSBURGH, PENNSYLVANIA 


A wall-established group surgery practice seeks 
a third surgeon. The group is on staff at commu- 
nity and tertiary hospitals in Pittsburgh. Experi- 
ence in endoscopy necessary. Highly competi- 
tive compensation package. 


SALEM, MASSACHUSETTS 


Join two university-trained general surgeons 
seeking a third. Become an integral part of this 
rapidly expanding practice. Specialty interest in 
endoscopy, colon-rectal, or pediatric surgery is 





highly desirable. Great community with excel- 
lent hospital facilities. Highly competitive com- 
pensation package. 


Please contact: Gary L. Schaffer, Vice President 


DANIEL STERN & ASSOCIATES 


MEDICAL STAFF RECRUITMENT AND CONSULTING 


SUITE 240 THE MEDICAL CENTER EAST 
211 NORTH WHITFIELD STREET 
PITTSBURGH, PENNSYLVANIA 15206 
4°2-363-9700 800-438-2476 FAX 412-363-6032 


GENERAL SURGEON 


General Surgeon needed now for a re- 
spected multi-specialty group practice in 
Kentucky. The group serves a well-staffed 
and equipped, JCAH accredited community 
hospital, which is immediately adjacent to 
the modern clinic facility. The hospital 
includes a 30-bed skilled nursing unit 

Set in the rolling hills of central Ken- 
tucky. it is within 1 hour of a metropolitan 
area, major college sports, 8 large parks 
and one of the largest and most beautiful 
lakes in the nation. The cost of living is well 
below the national average. 

The financial package offered is very 
competitive and includes a guaranteed 
salary and a full range of benefits including 
malpractice insurance. Full partnership 
will be offered after the satisfactory com- 
pletion of 2 years. 

For information, please call Consultant 
Judy Barnes at 1-800-283-6287, or send 
your curriculum vitae in confidence to her 
attention at Focus: HealthCare, 129 North 
Adams Street, Louisville, Kentucky 40206. 
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Early Diagnosis of Adenocarcinoma 


Developing in Barrett’s Esophagus 


Gustavo G. R. Kuster, MD, Parviz Foroozan, MD 


è Fifty-eight patients had surgery for carcinoma of the esopha- 
gus at Scripps Clinic, La Jolla, Calif, from 1976 to 1986. Esopha- 
gectomy with reconstruction by colon interposition was done in 
24 patients with adenocarcinoma arising in columnar-lined epi- 
thelium (Barrett's). In 5 patients, obstructive symptoms had not 
yet developed and the diagnosis was made by endoscopy per- 
formed for evaluation of gastroesophageal reflux. Dysphagia 
had just started in 12 additional patients and no weight loss had 
been noted. The operation was palliative in 14 patients and poten- 
tially curative in the other 10. Only 3 patients had negative lymph 
nodes. Ten patients were alive after 2 to 11 years. Encouraging 
results were indicated for surgical treatment of adenocarcinoma 
of the esophagus developing in Barrett’s epithelium. A good 
outcome can be obtained with resection even in patients with 
lymph node metastases. 

(Arch Surg. 1989;124:925-928) 


he association of Barrett’s esophagus with gastroesopha- 

geal reflux and adenocarcinoma of the esophagus has 
been well established and has generated special interest in 
recent years. The term Barretts esophagus refers to the 
presence of columnar epithelium in the distal esophagus ex- 
tending more than 3 cm from the gastroesophageal junction in 
a cephalad direction, or to the presence of metaplastic epithe- 
lium in the distal 3 em.*” 

The rate of occurrence of Barrett’s esophagus in asymp- 
tomatic patients is unknown, but in series based on endoscopy 
it has been detected in 1% to 2% of patients. Conversely, the 
occurrence of Barrett’s esophagus in patients undergoing 
endoscopy te evaluate esophagitis is 10% to 20%.” 

The association of adenocarcinoma with Barrett’s esopha- 
gus was first shown by Naef et al’ in 1975. Recent articles*" 
have clearly demonstrated the progression from benign Bar- 
rett’s epithelium into dysplasia and adenocarcinoma. A signif- 
icant number of patients with adenocarcinoma have dysplas- 
tic changes shown in other areas of Barrett’s epithelium. 

The presence (prevalence) of adenocarcinoma at the time of 
diagnosis of Barrett’s esophagus is between 0% and 46%.*°”* 
Several long-term prospective studies longitudinally follow- 
ing up patients with Barretts esophagus have been re- 
ported.*"*” The incidence of cancer developing in these pa- 
tients is on the order of 1 in 175 to 441 patient-years. In 
general terms, the yearly incidence of adenocarcinoma devel- 
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oping in patients with Barrett’s esophagus is 30 to 45 times 
the expected rate when compared with other forms of cancer 
of the esophagus. These observations have led many to sug- 
gest that patients with Barrett’s esophagus should be fol- 
lowed up very closely for development of adenocarcinoma. 

Published series of surgery for adenocarcinoma developing 
in columnar-lined epithelium’ describe rather dismal 
results, showing a clear correlation between pathologic stag- 
ing of the tumor and prognosis. ”” 

We have seen a very high proportion of adenocarcinomas in 
patients with esophageal malignant neoplasms who were re- 
ferred to surgery. This article describes the characteristics 
and outcome of cases of patients with adenocarcinoma of the 
esophagus who underwent resection and had demonstrable 
Barrett’s esophagus in conjunction with the tumor. Our re- 
sults appear to be much more favorable than those of previous 
series. 


PATIENTS AND METHODS 


Between 1976 and 1986, a total of 58 patients with esophageal 
malignant neoplasms had surgical intervention. Forty-eight of these 
patients had an adenocarcinoma while the other 10 had squamous cell 
carcinoma (Fig 1). Forty-three patients underwent an esephageal 
resection with reconstruction by colon interposition (34 patients with 
adenocarcinoma and 9 with squamous cell carcinoma). The rest of the 
patients had either limited palliative resection with esophagogastros- 
tomy or insertion of tubes. In 24 patients who underwent esephagec- 
tomy with reconstruction by colon interposition, the tumor was an 
adenocarcinoma located in the middle or lowerthird of the esophagus 
arising in a columnar-lined epithelium (Barrett's). The tumor devel- 
oped in the middle of the Barrett’s segment or, more commonly, at the 
proximal border. 

The age of the patients ranged from 28 to 7% years, with a median 
age of 63 years. Six patients were under 45 years of age. They all hada 
long history of gastroesophageal reflux. Many of these patients did 
not complain of regurgitation, but after close questioning they re- 
called heartburn and antacid consumption for many years. Four 
patients had antireflux operation in the past. One patient had a total 
gastrectomy with Roux-en-Y esophagojejuncstomy for a carcinoma 
of the cardia. He developed progressive stricture at the esophagoje- 
junal junction requiring excision and reanastomosis 5 years later. 
Examination of the specimen disclosed an 8-mm adenocarcinoma of 
the esophagus 3 cm above the old anastomesis. The short (5-cem) 
segment of esophagus resected was entirely lined by columnar epi- 
thelium. This patient developed a second primary tumor in the 
middle esophagus, in an area of residual Barrett's epithelium, 6 years 
after the previous surgery requiring a total thoracic esophagectomy 
with colon interposition. In 5 patients, obstructive symptoms had not 
yet developed and the discovery of the malignent neoplasm was made 
by endoscopy and biopsy performed in the course of evaluation for 
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Fig 1.—Number of patients with esophageal carcinoma submitted to 
surgery. 


their esophageal reflux. In addition, 12 patients consulted soon after 
the initiation of dysphagia had not lost any weight. One patient had 
bleeding as the first symptom. Repeated biopsies over a period of 8 
months were necessary in 1 patient, who, like several other patients, 
had not developed an exophytic tumor but rather asuperficial spread- 
ing erosion or an induration of the mucosa. 

Significant coronary artery disease was detected in three patients 
at the time of preoperative evaluation. Two underwent coronary 
bypass and the other had angioplasty performed in preparation for 
esophagectomy. Preoperative preparation included mechanical color 
preparation and antibiotics. Selective mesenteric arteriography was 
not done. Surgery was performed through two separate incisions, 
starting with an upper midline laparotomy and follewed by a right 
thoracotomy. The resection was done from at least 10 em above any 
gross evidence of tumor in the esophagus to a portion of the stomach 
including the lesser curvature down to the antrum and the upper 
third of the greater curvature. Wide dissection of theperiesophageal 
tissues and lymph nodes along the lesser curvature and celiac axis 
was done, and in four patients, a segment of the diaphragm was 
excised en bloe with the esophagus. Transverse or right colon was 
used for the reconstruction, and this segment was placed in an 
isoperistaltic or antiperistaltic position. The anastomoses were done 
with circular stapler devices. An anterior hemipylorectomy was per- 
formed using the circular stapler device.“ The diaphragmatic hiatus 
was enlarged to accommodate the colon and its mesentery freely. The 
colon was placed in the posterier mediastinum, and the pleura was 
closed along the mediastinum to avoid migration of the interposed 
colon into the pleural cavity. 

The operation was considered palliative in 14 patients because of 
the presence of lymph node metastases extending to the area of the 
celiac vessels, and potentially curative in the other 10. Pathologic 
examination revealed that in 9 patients the tumor had penetrated 
through all the layers of the esophagus. No lymph node metastases 
were present in 3 patients. Tumer size varied from 0.8 to 7 cm in 
diameter. Tumors under 2 cm in diameter (3 patients) did not pene- 
trate to periesophageal tissues, but only 2 patients had negative 
lymph nodes. 


RESULTS 


No operative mortality or significant morbidity occurred in 
these patients. Postoperative assisted ventilation was used 
for 1 to 3 days, and in three patients assisted ventilation was 
extended for 1 week due to underlying chronic obstructive 
pulmonary disease. Postoperative atelectasis, particularly in 
the left lower lobe, was frequently noted during the first 24 to 
48 hours after surgery and required bronchoscopy in most 
cases. 

One patient developed a leak at the esophagocolic anasto- 
mosis detected by meglumine diatrizoate (Gastrografin) swal- 
low done on the seventh postoperative day. This healed with- 
out forming a stricture. 

Follow-up has been done every 6 months by elinical exami- 
nation, roentgenograms, and upper gastrointestinal endosco- 
py when indicated. 

Ten patients were alive and apparently free of disease 2 to 
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Fig 2.—Postoperative survival in 24 patients with adenocarcinoma 
developing in Barrett's esophagus who underwent esophagectomy. 


11 years after resection. One patient died of carcinoma of the 
pancreas 6 years after esophagectomy without evidence of 
recurrence of esophageal cancer. The patient who developed 
a second primary tumor in the midesophagus in an area of 
residual Barrett’s epithelium 6 years after surgery and re- 
quired a second resection was free of disease 3 years after the 
last surgery. The other 14 patients died between 10 and 36 
months, with widespread metastases (Fig 2). Most metasta- 
ses developed in retroperitoneal lymph nodes in the celiac axis 
area, the liver, and in some instances in the peritoneum, 
lungs, or bones. Colon interposition provided a very satisfac- 
tory palliation in these patients, allowing them to eat until 
close to the end of their lives. The quality of life and the ability 
to eat fer the surviving patients are essentially normal. Pa- 
tients are free of pain and are able to eat normal volumes of 
regular food. Nausea or vomiting has not been observed. No 
patient has complained of heartburn or reflux of gastric con- 
tents. One patient, however, developed a large asymptomatic 
ulcer m the interposed colon, which was discovered by endos- 
copy 6 months after surgery. The ulcer was located 5 cm 
above the cologastric junction, remained asymptomatic, and 
was not detected by roentgenographic barium examination. 
Treatment with H2 blockers and antacids caused some im- 
provement in endoscopic appearance of the ulcer. Multiple 
biopsies showed no malignancy. No healing occurred after 2 
years of medical therapy. An antrectomy with Roux-en-Y 
gastrojejunostomy was done with complete healing of the 
ulcer and no recurrence in the subsequent 9 years. 

Five patients had transient dysplasia due to mucosal mem- 
branes at the site of the cologastric anastomosis done by EEA 
stapler. They became symptomatic 3 to 6 months after sur- 
gery. Nene had shown evidence of anastomotic leak, and they 
were al! treated by a single endoscopic dilatation without 
recurrence of dysphagia.” Three patients received chemo- 
therapy after developing metastases, with questionable ef- 
fect. Norecurrence has been detected at the suture line. 


COMMENT 


We have been impressed by the large proportion of adeno- 
carcinomas among the patients with esophageal malignant 
neoplasms referred for surgery. Within this group of adeno- 
carcinomas we found a significantly large number of cases 
developing in Barrett’s esophagus. Hamilton et al” have re- 
cently suggested that most adenocarcinomas of the esopha- 
gus or esophagogastric junction are Barretts carcinomas 
rather than gastric cardiac cancers or other types of esopha- 
geal adenocarcinoma. In our series, there may have been 
more cases of carcinoma in Barrett’s esophagus. The larger 
tumors may have extended to obliterate any remaining co- 
lumnar epithelium or the pathologic research for Barrett’s 
esophagus not particularly emphasized in cases in which no 


Early Diagnosis of Adenocarcinoma—Kuster & Foroozan 


gross changes were noted in the mucosa surrounding the 
tumor. The number of adenocarcinomas discovered at the 
time of diagnosis of Barrett’s esophagus varies widely among 
reported series. “ This is due partly to selection of patients and 
partly to definition of columnar-lined esophagus and its rela- 
tionship to the exact location of the gastroesophageal bound- 
aries. The chances of finding a carcinoma in symptomatic 
patients who undergo endoscopy and in whom Barrett's 
esophagus is disclosed are probably around 25%. Prevalence 
studies have probably exaggerated the risk of malignancy.” 
Prospective studies of patients with Barrett’s esophagus, 
done by repeated endoscopic surveillance and biopsies, have 
revealed a significant number of tumors developmg with 
many years of observation. Whether all patients with Bar- 
rett’s esophagus or only selected subgroups (like those who 
show dysplastic changes) should be monitored is not yet 
clear.” 

Skinner et al” have shown the prognostic value of wall 
tumor penetration and lymph node metastases. We found a 
similar correlation, but the presence of periesophageal lymph 
node metastases did not alter long-term survival and cure. 
Only 3 of our 10 survivors beyond 2 years had negative lymph 
nodes. 

Of interest is the development of adenocarcinoma in pa- 
tients with Barrett’s esophagus after antireflux procedures. 
Hamilton et al” described such a patient. Four of our 24 
patients had some type of antireflux operation in the past. 
Although no documentation was available on the effective- 
ness of the antireflux procedures, 1 patient clearly did not 
have reflux of gastric contents since he had a total gastrecto- 
my and Roux-en-Y esophagojejunostomy. This patient went 
on to develop two consecutive adenocarcinomas in an exten- 
sive and persistent Barrett’s epithelium over a period of 


several years. Sanfey et al” reported one case of adenoecarci- 
noma developing in Barrett’s esophagus 14 years after gas- 
trectomy for lymphoma. Their article did not include informa- 
tion regarding the extent of the gastrectomy and form of 
reconstruction. 

Multicentricity of adenocarcinoma developing in Barrett’s 
esophagus has been described.” Recurrence of adenocarcino- 
ma in patients in whom the whole Barrett's epithelium was 
not included in the resection could be, therefore, due to 
residual cancer at the line of resection, synchronous foci of 
malignancy, or metachronous primary tumor developing 
years after the first operation. 

Most series describe poor surgical — with a signifi- 
cantly lower rate of survival than the experience described in 
this series, mostly due to a larger proportion of advanced 
stages as a result of late diagnosis. Witt et al” found that 95% 
of their patients had dysplasia and 63% had weight loss at the 
time of diagnosis. 

We describe encouraging results for surgical treatment of 
patients with adenocarcinoma of the esophagus developing in 
Barrett’s epithelium. A good outcome can be achieved with 
resection, including all the area showing columnar changes, 
even in some patients with periesophageal lymph node metas- 
tases. Dysphagia, weight loss, and pain are late symptoms. 
To improve results of therapy for this type of tumor, the 
diagnosis should be made before the classic symptoms of 
cancer of the esophagus develop. This can be accomplished by 
an aggressive diagnostic approach with repeated endoscopy 
and biopsy. Future studies may reveal a subgroup of patients 
who need to be more closely and frequently examined. 


This study was supported in part by Harold and Daphne Oppenheimer and 
Dennis McCoy research funds. 
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Discussion 


Tom R. DEMEESTER, Omaha, Neb: This isa very important report, 
and I congratulate the authors on their presentation. I think they 
have emphasized that, with proper and complete resection, a patient 
with an adenocarcinoma arising in a Barrett’s esophagus can have a 
long-term survival, even in the presence of lymph node metastasis. Of 
interest is that only three of their patients were free of lymph node 
metastasis. This suggests that some of their long-term survivors 
were those who did have lymph node metastasis. Could the authors 
be more specific as te the incidence of lymph noe metastasis in these 
patients? 

This report brings out four things that are important. First, early 
carcinomas developing in Barrett's esophagus do penetrate the wall 
and metastasize to lymph nodes. As a consequence, they do require 
resection according z0 established principles of surgical oncology, 
that is, an en bloc resection with a node dissection. Until we know 
differently, it is just as wrong to do an inadequate operation for an 
early tumor with the petential for cure as it is to do an extensive 
operation for a later sumor with little potential for cure. Before we 
advocate a more simplistic resection in these patients, we must be 
sure we are not reducing the patient’s chances for a long-term cure. In 
this regard, I agree wth the authors on the use of a wide resection, ie, 
10 cm up the esophagus, and more stomach than most would use. I 
would have taken a little more stomach and reestablished gastroin- 
testinal continuity with a colon interposition. 

Second, when should such an extensive resection not be done? 
Certainly, the 14 patients who were operated on formpalliation could 
have been treated wita a more limited procedure, such as an esopha- 
gectomy, using the stomach for reestablishing gastrointestinal 
continuity. 

The third point is that there seems to be an increased incidence in 
adenocarcinoma of theesophagus, most of which are associated witha 
Barrett's esophagus. I would like to know if the authors think this is 
due to a misclassification of tumors in the past, that is, have we 
classified them in the past as tumors of the cardia when in reality they 
were carcinomas arising in an unrecognized Barrett's esophagus, or is 
this increase due to having such effective medical treatment of reflux 
that we rid the patient of his symptoms but allow asymptomatic 
reflux to continue, ending in the development of Barrett’s esophagus 
and subsequent malignaney? 

Lastly, I would like to underscore the authors’ interest in surveil- 
lance. The risk ef developing carcinoma in the presence of a Barrett's 
esophagus is equal to the risk of developing lung cancer after 20 years 
of smoking a pack a day. Who should do this surveillance? Should the 
surgeon do it? Should the internist do it? What schedule should be 
used? If on surveillance significant dysplasia is found, should a pro- 
phylactic esophagectomy be done? 

It was a very good report. I think it highlights a number of 
important issues, and I compliment the authors for bringing the 
issues before us today. 

DR KUSTER: I have also stressed the importance of being even 
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more aggressive and doing an extensive operation in the most favor- 
able cases because these are the instances when we can really help the 
patient. Over the years, I have become more conservative in regard 
to the extent of the operation when I feel the patient will not have any 
chance of cure. 

To specifically answer the question about indications for colon 
interposition: at the present time we do it when we expect the patient 
is going to survive beyond 1 or 2 years, even if it is for palliation. The 
quality of survival with colon interposition in our experience is much 
better than with direct connection of the esophagus to the stomach. 
Regurgitation problems .and esophagitis are eliminated with 
interposition. 

I would not do a colon interposition in a patient with metastases 
outside the area we can resect, ie, if metastases are in the celiac anig; 
pancreatic areas, liver, or peritoneal cavity. 

In this country there has been a reduction in frequency of cancer of 
the stomach and squamous cell carcinoma of the esophagus. Howev- 
er, we continue seeing adenocarcinoma of the proximal stomach in the 
area ef the cardia. How many of these are developing in the distal 
esophagus with Barrett's esophagus is difficult to know. I think we 
are just becoming aware of this problem. Until recently, there were 
some esophageal surgeons who considered that any adenocarcinoma 
of the distal esophagus was not a carcinoma of the esophagus but 
rather a stomach cancer. This concept is now being changed, and we 
are going to start hearing more about the increased frequency of 
adenocarcinoma in Barretts esophagus. Whether there is a true 
increase because of the medical treatment of regurgitation and effec- 
tive surgical antireflux procedures, I do not know. I do believe we will 
start seeing it. We have had patients who came back after antireflux 
procecures with a carcinoma of the esophagus in Barrett’s esophagus. 
The patients were unavailable for surveillance and came back 2 or 3 
years later with adenocarcinoma. 

In regard to surveillance, in our institution it is the gastroenterolo- 
gists who do the endoscopy and follow up the patients. In general, 
they lixe to see the patients once a year unless they find dysplasia, in 
which case they follow up the patients more closely—every 3 or 6 
months. We had one patient who had extensive dysplasia and was 
followed up very closely every 2 to 3 months. After 8 months, carcino- 
ma was found and we did a resection. This patient was a 78-year-old 
man, and to prepare him for the extensive esophagectomy, he had to 
undergo coronary bypass. Six weeks later we took him to the operat- 
ing room and removed the esophagus. 

To answer the last question about prophylactic esophagectomy in 
patients with dysplasia, I think there is a place in the young patient 
where we know the risk of the operation is reasonable and there is a 
good chance the patient is going to live several years. In the case of 
the 78-year-old man with coronary artery disease, I would have been 
reluctant to do an esophagectomy without proved malignancy. Prob- 
ably the malignant neoplasm was there the first day, but it was not 
picked ap until several biopsies later. 
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The Treatment of Achalasia 


A Current Perspective 


Loie Sauer, MD; Carlos A. Pellegrini, MD; Lawrence W. Way, MD 


è We analyzed the course of 79 adult patients treated for acha- 
lasia between 1977 and 1988. Sixty-six patients (84%) Fad pneu- 
matic dilatation as the primary therapy. Fifty-three patients (80%) 
had immediate improvement in swallowing. Three patients re- 
quired immediate redilatation, 2 developed pulmonary aspira- 
tion, and 8 (12%) suffered esophageal perforation. Esophageal 
perforation was treated by closure plus Heller’s myotomy in 3 
patients, closure only in 3, chest tube in 1, and antibiotics and 
nasogastric suction in 1. At 4 years’ follow-up, 50% of patients 
who had dilatation remained asymptomatic, 30% had symptoms 
of gastroesophageal reflux, and 20% had persistent dysphagia. 
Eight Heller myotomies were performed, with excellent results in 
7 and 1 postoperative death from respiratory failure. Seven addi- 
tional patients with disabling esophageal symptoms after multi- 
ple operations for achalasia were ultimately treated by esopha- 
gectomy (n=5), hemigastrectomy and Roux-en-Y gastro- 
jejunostomy (n= 1), and repeated myotomy (n = 1). All recovered 
and are able to eat solid food. Thus, our experience indicates that 
pneumatic dilatation remains unperfected (ie, the line between 
undertreatment and overtreatment is finer than generally recog- 
nized), and unless improvements can be made, the role for sur- 
gery may need to be reexpanded. 

(Arch Surg. 1989;124:929-932) 


he approach to managing patients with achalasia has 

changed considerably. Through the 1960s, Heller’s myo- 
tomy was the standard treatment. Now, for mcre than a 
decade, pneumatic dilatation has been the primary treatment. 
Surgery, which played the lead role in the last review from our 
institution,’ has shifted to a supporting role for managing 
patients with complications of dilatation, refractory symp- 
toms unrelieved by dilatation, or advanced esophageal motor 
disabilities. 

Now that considerable experience has accumulated with 
this new regimen, we wished to evaluate the effectiveness and 
rates of complications of pneumatic dilatation and to reevalu- 
ate the role of surgery in relation to pneumatic dilatation. Our 
results indicate that the treatment of achalasia requires fur- 
ther debate and refinement. 
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PATIENTS AND METHODS 


The courses of all patients with the primary diagnosis of achalasia 
of the esophagus admitted to the University ofCalifornia, San Fran- 
cisco Medical Center from 1977 to 1988 were studied. There-were 79 
adult patients: 40 were women; 39 were men. Age ranged from 20 to 
87 years, with a mean of 48.8 years. There was a bimodal distribution 
of ages, with clustering in years 20 to 40 and 60 to 80. Presenting 
symptoms included dysphagia (91%), weight less (44%), and regurgi- 
tation (52%). Duration of symptoms ranged from 8 months to 25 
years, with a mean of 8.7 years. 

The diagnosis of achalasia was based on barium swallow, esophage- 
al manometry, and endoscopy findings. All 79 patients had contrast 
radiography, 71 had endoscopy, and 64 had manometry. Radiograph- 
ic features on the barium swallow included esophageal dilatation, 
narrowing of the cardia, weak or absent peristalsis on fluoroscopy, 
and failure of the lower esophageal sphincter*te relax wizh swallow- 
ing. Manometric criteria for diagnosis included the following: incom- 
plete relaxation of the lower esophageal sphincter with swallowing, 
elevated lower esophageal sphincter pressure (>25 mm Hg), and 
absence of primary peristalsis in the body of the-esophagus. Endosco- 
py was performed to rule out fixed stricture or neoplasm of the distal 
esophagus. 

Esophageal dilatation was performed in the fluoroscopy suite with 
the patient under intravenous sedation. In the majority of cases, 
pneumatic dilatation was performed using the Brown-McHardy dila- 
tor placed over a guide wire, with fluoroscopic confirmation to posi- 
tion the waist of the balloon at the lower esaphageal sphincter. The 
dilator was inflated to 12 to 15 psi pressure an held for 1 to 3 minutes, 
then repeated. Under fluoroscopy, the waist of the balloon relaxed as 
the sphincter was dilated. The patients were observed in the hospital 
overnight, and food and liquids were begun the following morning if 
the patient did not complain of chest pain. 

Late follow-up information was available im67 patients, all of whom 
were contacted by telephone to determine their present functional 
status. The patients were categorized based on their symptoms; only 
those patients whose symptoms were severe (eg, heartburn unre- 
lieved by medical therapy, head of bed elevated on bloeks, inability to 
recline for several hours after eating) were presumed to have gastro- 
esophageal reflux. Patients who improved after initial therapy, but 
who subsequently experienced a return of the symptoms of achalasia 
(eg, inability to eat solid food), were placed in the recurrent dyspha- 


gia group. 
RESULTS 
Pneumatic Dilatation 


Sixty-six (84%) of the 79 patients had pneumatic dilatation 
as the primary treatment of achalasia (Table 1). Dilatation 
was uncomplicated in 53 patients (80%), all of whom had 
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improved swallowing. At an average follow-up of 4 years, 50% 
of these patients had no difficulty swallowing, 30% had symp- 
toms of gastroesophageal reflux, and 20% had recurrent or 
persistent dysphagia. Four patients in the last group re- 
quired repeated dilatation and 2 have had a Heller myotomy. 

Early complications oceurred in 10 of the 66 patients under- 
going dilatation. Two patients had pulmonary aspiration (1 
fatal). There were 8 esophageal perforations (12%) in the 66 
patients, who had a total of 73 dilatations (11% perforation 
rate for the total number of dilatations). Three patients had 
immediate failure, prompting repeated dilatation the follow- 
ing day. 

In the eight patients with perforation, the time from perfo- 
ration to recognition and treatment ranged from 10 to 36 
hours (Table 2). Three patients who underwent expeditious 
exploration had closure of the perforation plus myotomy on 
the contralateral side of the esophagus. Three patients had 
closure of the perforation only, one had a chest tube only, and 
one patient was managed with nasogastric suction and antibi- 
otics. There was one death in this group. The three patients 
treated by closure plus myotomy had the shortest postopera- 
tive hospitalization and were asymptomatic at 18, 24, and 32 
months follow-up. 


Surgery 


Eight patients had a modified Heller cardiomyotomy as 
initial treatment (n=3), after acute perforation (n=3), and 
for persistent dysphagia after uncomplicated dilatation 
(n=2). The three operations that followed acute perforation 
were performed through a left thoracotomy. Of the five elec- 
tive procedures, four were performed by a transabdominal 
approach and one was transthoracic. In both the transabdo- 
minal and transthoracic approach, the lower esophagus was 
mobilized, and the myotemy was performed over a large (50F) 
Hurst or Maloney dilator. The length of the myotemy was 6 to 
10 cm on the esophagus and was extended onto the stomach 
for a distance of 1 cm. The esophageal muscle layer was 
carefully dissected away from the mucosa for about one half 


Table 1.—Results of Pneumatic Dilatation in 66 Patients 
ult 


Res No. (%) of Patients 
No immediate complication 












Complications 10 (15) 
Perforation 8 (12) 
Aspiration 2 (3) 

Failure requiring early redilatation 3 (4) 

Follow-up at 4 y following dilatation 49 (88) 
Swallowing well 25 (50) 






Symptoms of gastroesophageal reflux 
Symptoms of recurrent dysphagia 








Year Age, y/Sex Interval, h 


31/M 24 


4 
6 
4 


930 Arch Surg—Vol 124, August 1989 


1987 


*Interval is the time between perforation and treatment. POD indicates postoperative day. 


the circumference of the esophagus. In the transthoracic 
appreach following perforation, the site of perforation was 
identified and closed, and the myotomy was then performed 
on the epposite side of the esophagus. 

A Nissen fundoplication was performed in addition to myo- 
tomy im one patient who had a hiatal hernia; in the other 
patiemts, no concurrent antireflux procedure was performed. 

Of ‘he eight patients undergoing Heller’s myotomy, seven 
had immediate improvement in swallowing. At an average 
follow-up of 4.3 years, six remain asymptomatic and one 
complains of episodic mild heartburn. One patient died after 
surgery; he was a mentally retarded man who suffered from 
massive pulmonary aspiration, adult respiratory distress 
syndrome, and respiratory failure. 

We treated seven additional patients referred with ad- 
vanced or persistent esophageal symptoms following Heller's 
myotomy and additional surgical procedures that had been 
performed elsewhere. Five had symptoms of persistent dys- 
phagiz, and two had severe gastroesophageal reflux. These 
patients had had an average of 3.5 surgical procedures each 
before their final operation. Five were ultimately treated by 
blunt esophagectomy with cervical esophagogastrostomy, 
one by subtotal gastrectomy and Roux-en-Y gastrojejunos- 
tomy, end one by a repeated myotomy. All patients recovered 
and are able to eat solid food. 


COMMENT 


The aim of therapy for achalasia is to relieve the functional 
obstruction of the lower esophagus by disrupting the lower 
esophageal sphincter enough to improve esophageal empty- 
ing, yet not so much as to allow gastroesophageal reflux. 

Pneumatic dilatation, hailed as safe and effective, had far 
less favorable results in our series. Our rates of perforation 
(12%) and gastroesophageal reflux (30%), with overall good 
results in 50% of the patients, vary considerably from the 
reports of Vantrappen et al,™ who have reported a perfora- 
tion rate of 2%, an incidence of reflux esophagitis of 1%, and 
excellent to good results in 77% from single or repeated 
dilatations. The figures of Vantrappen et al, widely quoted, 
have no- been matched in other series, which describe perfo- 
ration rates of 6% to 9.5%*" and symptoms of reflux in 15%. In 
our stucy, the technique of dilatation used in the patients who 
experienced perforation, reflux, or persistent dysphagia was 
no different from the technique used in those patients who had 
satisfactory results. Furthermore, the technique in our insti- 
tution was fundamentally the same as that of Vantrappen et 
al, so we cannot explain why our results were so much worse 
than thers. 

Theoretically, variations in the methods of performing 
pneumafic dilatation can range from undertreatment to over- 
treatment, with the former represented by ineffective dilata- 
tion and the latter by an increased incidence of perforation 





Management Outcome (POD) 






Closure and myotomy Home (9) 
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and reflux. The results in our patients suggest a bent toward 
overzealous dilatation, producing higher rates of perforation 
and reflux. The net effect is fewer satisfactory results and 
more complications than expected, clearly undercutzing the 
touted advantages of dilatation as primary therapy. We pro- 
pose that the arguments favoring dilatation need to be reex- 
amined, and we encourage other institutions to assemble 
their statistics on this question to determine more widely the 
extent to which the results of Vantrappen et al’ are being 
matched. 

Our experience also shows that esophageal perforation, the 
most serious eomplication of pneumatic dilatation, skould be 
more vigilantly excluded than has been the routine. Our 
patients were monitored on the medical ward overnight fol- 
lowing treatment, and generally only those who manifested 
symptoms underwent meglumine diatrizoate (Gastrografin) 
swallow. In several patients who were not in severe pain, this 
approach was responsible for lengthy delays in recognition 
and treatment of esophageal perforation. We noted that pa- 
tients in need of surgical repair ofa perforation often kad only 
mild pain in the first 12 to 24 hours, and basing the suspicion of 
perforation principally on clinical findings ran too high a risk 
of missing the diagnosis during this important early period. 
Therefore, we advocate routine esophagography within sev- 
eral hours of the procedure for all patients undergoing pneu- 
matic dilatation’ to reduce the risk of death and to allow a 
concurrent Heller myotomy to be performed at the time of 
closure of the perforation, if mediastinal soilage is minimal. 

In our series, six (75%) of eight patients who underwent a 
Heller myotomy had excellent results, which is comparable 
with reports indicating a 65% to 85% success rate from the 
procedure.*” For elective cases, we prefer the transabdo- 
minal approach, limiting the gastric extension of the myo- 
tomy to 1 em, as advocated by Ellis and associates,” to mini- 
mize the incidence of gastroesophageal reflux. The question 
of whether an antireflux procedure should be performed with 
myotomy has been debated and remains unsettled.“ One 
study,” using 24-hour pH monitoring following myotomy, 
showed no increase in reflux. Since our more extensive previ- 
ous experience with Heller myotomies' paralleled that of Ellis 
et al,” we have not routinely performed an antireflux proce- 
dure but selectively add one in cases of hiatal hernia or wide 
disruption of the hiatal structures." Of the eight patients who 
had Heller myotomies, one has mild symptoms of reflax that 
have not required treatment. 

A challenging group of patients are those with long histor- 
ies of esophageal neuromotor dysfunction and previous un- 
successful esophageal operations. We managed seven such 
patients, five af whom had persistent dysphagia or aperistal- 
tic esophagus, and two of whom had debilitating reflux eso- 
phagitis. In these patients, attempts to control the symptoms 
by repeating the myotomy or by performing antireflux proce- 
dures were largely unsuccessful. Ultimately, five were 
treated by blunt total esophagectomy, one by subtotal gas- 
trectomy and Roux-en-Y gastrojejunostomy, and one by re- 
peated myotomy. All recovered and are now able to eat solid 
food. We concur with Ellis and Gibb,” Orringer and Or- 
ringer,” and DeMeester” that in patients with incapacitating 
esophageal neuromotor disease, a more radical operative ap- 
proach, esophagectomy, may be safer and more reliab_e than 
making another attempt to impreve function at the gastro- 
esophageal junction and risking another failure. 

In summary, in the current management of achalasia, 
pneumatic dilatation is a reasonable initial treatment, but the 
safety and efficacy of this procedure may not be as great as 
presumed. In our series, it produced good results in 50% of 
the patients, with perforation occurring in 12% and gastro- 
esophageal reflux in 30%. Esophagomyotomy, while more 
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invasive and expensive, provides good results more reliably, 
with low morbidity and mortality rates and low rates of 
gastroesophageal reflux. It is important now to thoroughly 
reexamine the results of pneumatic dilatation. The basis for 
this therapy still rests largely on the series of Vantrappen et 
al’ from 15 years ago, and whether other hospitals, most of 
which will have a much more limited experience, can equal 
their good results, has not been shown. If our results are 
borne out by reviews from other institutions, a case could be 
made for swinging the pendulum back to more frequent sur- 
gery in the treatment of achalasia. 
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Discussion 


Tom DEMEESTER, MD, Omaha, Neb: I would like to congratulate 
Drs Sauer, Pellegrini, and Way for going on the offensive. This is one 
of the few studies where we have had an opportunity to review the 
work of our associates, the gastroenterologists. Their findings are 
more the rule than what Vantrappen et al™* have published; they 
reflect very similar experiences we have had in our institution. I 
suspect if we all looked at the responses in our various institutions and 
had access to the records and the follow-up, the results would be 
similar. 

Surgery is much better than what Sauer et al made it out to be. It is 
easy to recognize failure with procedure and aspiration. When it 
comes to persistent dysphagia, however, it is difficult. Dysphagia is a 
symptom that can be so easily compensated for that you can easily 
reduce its presence by making adjustments in your eating habits. 
There is sort of an insatiable desire in patients who have achalasia to 
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let you know that they are eating better. As a consequence, they 
make enormous adjustments in their daily activities to keep from 
getting dysphagia. Sc I think someone should investigate these pa- 
tients from the standpoint of their dietary habits and their dietary 
history; in other words, one should ask such questionsas follow: (1) Do 
they avoid specific foods because they are hard to eat? (2) Are they the 
last to finish when they sit down to eat? (3) Do they shun social 
engagements for eating? (4) Do they go out to restaurants as often as 
they used to? (5) Are there particular restaurants that they choose 
because they can eat the food better? (6) Do they get nervous when 
they sit down with a dry meal? When you ask those kinds of questions, 
you find out that a lot af these patients are not doing nearly as well as 
our cohorts say they are. 

I would like to ask Drs Pellegrini and Sauer if they did look into 
that, because if they cid, their results would be even more spectacu- 
lar. Because dysphagia is so difficult to determine, the effectiveness 
of it is also difficult to assess. I would ask Dr Pellegrini whether they 
have given consideration to giving some objective assessment of the 
ability to eat, such as esophageal emptying time, similar to what we 
have with the stomach. It is possible when the esophagus gets dilated 
that it becomes sort ofa stomach te these patients; they can put a lot of 
food away. without experiencing difficulty right away. Perhaps a 
more objective assessment would be better, and we could all come to 
terms with how good our different therapies are. 

When it comes to resection of the esophagus, as the authors pointed 
out, I would agree that when the esophagus is very dilated and 
tortuous it should probably be vesected, particularly if there is a 
stricture present with achalasia, or when there have been at least two 
previous failures with myotomy. I would disagree with the transhia- 
tal approach. It has been my experience that the dilated esophagus 
will have huge vessels going to it, and even Dr Orringer will agree 
that in that situation bleeding can be very excessive. If there has been 
a previous operation as well, I would avoid the transhiatal approach 
and encourage a more standard esophagectomy with a colon interpo- 
sition, as opposed te the stomach, so one can retain the gastric 
reservoir and have a substitute that is more conducive to prolonged 
function. 

I would agree with them that the surgical approach is the first 
approach to this disease. However, I would go to the transthoracic 
route because the illness is in front of you. It doesn’t make any 
difference what one’s training is. All of us can approach the problem 
the way we think it is best done. You get a better exposure through 
the transthoraeic route. 

Most importantly, since they have gone on the offensive, I would 
like to ask them how they are going to achieve victory, because the 
real problem is that we have shunned the diagnosis of this disease. As 
aconsequence, it stillrides in the hands of the gastroenterologist, and 
if we are going to have to see it first and operate first, I would like to 
know what plans he has to get victory from his offensive. | 

ROGER E. ALBERTY, MD, Portland, Ore: A large percentage of the 
dilatation failures were accompanied by reflux. It has been a theoretic 
concern that when you do a myotomy, you compound the reflux. 
Several authors including Belsey have done a modification of their 
antireflux proeedures. My specific question is, when you are con- 
fronted with a patient with achalasia who then develaps reflux, do you 
routinely do any kind of antireflux procedure along with your 
myotomy? 

FLETCHER A. MILLER, MD, St Paul, Minn: Maybe I missed it, but 
what happened to that 50% of the 80% that went on to have medical 
problems? Did they tnen become surgical problems, or did they need 
to undergo redilatatien? 

J. DAVID RICHARDSON, MD, Louisville, Ky: If we proposed an 
operative therapy that had a 20% immediate failure rate, some of 
which had disastrous complications and a 50% long-term failure rate, 
we would be seriously challenged, yet there are some results with 
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balloon dilatation that are called acceptable therapy. I question in this 
series whether the medical results meet a logical test of being consid- 
ered aeceptable. 

We still have the opportunity in Louisville to have surgeons treat 
most cf these patients with the primary therapy, and Dr Polk and I 
have done over 40 myotomies with uniformly good to excellent re- 
sults. We have had two patients who had to undergo reoperation, one 
for anether myotomy and one for an antireflux procedure. We have 
not found reflux to be a major problem if one is careful in doing this 
operation, so I certainly argue strongly for continued primary surgi- 
cal therapy as I think the authors are trying to diplomatically say in 
this reoort today. 

Whr the high incidence of resection of the esophagus? Is that 
because myotomy was delayed for so long? With earlier surgical 
therapy, we do not see patients who develop that kind of advanced 
disease where resection is required. 

DR PELLEGRINI: With this study, we intended to examine the role 
that surgeons play today in the treatment of achalasia. We knew that 
we were treating esophageal perforations and patients with ad- 
vancec disease; but what really surprised us was the finding that a 
considerable number of patients had not achieved results that were 
comparable with those obtained with a Heller myotomy. As Dr 
Richardson correctly interpreted, some of the patients who under- 
went esephagectomy may have been treated later in the course of 
their disease. Most of these patients, however, were originally treat- 
ed elsewhere, and several had at least one unsuccessful operation at 
another hospital. We were disappointed with the results of reopera- 
tions en the esophagus in these patients and believe that they are 
better served by an esophagectomy. We started those operations 
from taeabdomen and found that most of the difficult dissection could 
be satisfactorily accomplished from the abdomen, as the previous 
area af operation (the hiatus) was accessible to us from there. I am 
aware that dilated esophagi have a large venous plexus in the wall, 
but w= did not find this to be a problem in the course of a blunt 
esophagectomy in these patients. We used the stomach to replace the 
esophagus, as popularized by Dr Orringer. Dr DeMeester makes the 
point “hat the colon is a better esophageal substitute. We chose the 
stomach, as we felt the complications of the operation are fewer, but 
we agree with Dr DeMeester that for patients with benign disease the 
colon 5 a better choice. 

Dr Alberty, when doing a Heller myotomy we use a fundoplication 
select vely. We did add it in‘one of the eight patients because he had a 
hiatal hernia concomitantly. 

Dr Miller asked what was happening to the patients we found to 
still kave dysphagia. Only four of these patients had undergone 
repeaved dilatation. As discussed in our report, it was only when Dr 
Sauerstarted calling these patients and asking many of the questions 
Dr DeMeester alluded to earlier that it became apparent that they 
were not doing as well as they themselves believed they were. As 
nicely peinted out by Dr DeMeester, many of these patients adapt 
their lives to this chronic disease and end up believing that this is the 
only way to live. 

Dr DeMeester asked me to delineate a strategy for victory. I 
believ= that a good first step has been the development of a gastroin- 
testinal surgery diagnostic laboratory in our department. We intend 
to use'this facility to thoroughly define the pathophysiologic nature of 
diseases such as achalasia preoperatively and then evaluate in the 
same thorough manner the results of surgery. We will invite our 
gastreintestinal consultants to participate with us in these studies. 
Only through this approach will we be able to define whether substan- 
tial reflux is present, whether dilatation or surgery accomplished 
substantial improvement in esophageal transit, whether there is 
persistent dysphagia, etc. What is more important is that we take, 
once again, the leadership role that surgeons have had for so many 
years inithe treatment of gastrointestinal disorders. 
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Increased Incidence of Delayed 


» Gastric Emptying in Children 


With Gastroesophageal Reflux 


A Prospective Evaluation 


John G. Papaila, MD; David Wilmot, MD; Jay L. Grosfeld, MD; Frederick J. Rescorla, MD; 


Karen W. West, MD; Dennis W. Vane, MD 


è Symptomatic gastroesophageal reflux is acommon cause of 
failure to thrive. aspiration, and chronic pulmonary infection in 
infants. Gastric emptying was prospectively evaluated in 99 in- 
fants and children with symptomatic gastroesophageal reflux. 
Twenty-eight (28.2%) of 99 patients with gastroesophageal reflux 
had delayed gastric emptying. Twenty-one (75%) of the 28 pa- 
tients underwent a concomitant gastric drainage procedure at 
the time of fundoplication. Seven had fundoplication alone and 
developed symptoms of early satiety, gas bloat, gagging, and 
pain postoperatively. Medical therapy was ineffective ir these 
patients, and 5 improved after pyloroplasty. Delayed gastric 
emptying is common in patients with gastroesophageal reflux. 
These findings suggest that after fundoplication, symptoms of 
gagging, early satiety, and gas-bloat syndrome may be related to 
delayed gastric emptying. This implies that a gastric emptying 
study should be performed preoperatively. 

(Arch Surg. 1989;124:933-936) 


f3 astroesophageal reflux (GER) is a common manifestation 
of disordered esophageal motility. Gastroesophageal re- 
flux may contribute to failure to thrive, aspiration, and chron- 
ic pulmonary irfection in infants and children. ™° A significant 
number of children with GER are neurologically impaired.” 
In infants and children with brain damage, attempts at medi- 
cal therapy often fail and surgical intervention is recuired. 
Although surgical treatment of symptomatic GER by Nissen 
fundoplication :s usually successful in relieving reflux. early 
satiety, gas-bloat syndrome, pain, gagging and breakdown, or 
slippage of the fundic wrap are well-known complicat-ons of 
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this procedure.” Recent retrospective studies suggest that 
these postoperative problems may be related to delayed gas- 
tric emptying (DGE)."*” Our study evaluated this concept by 
prospectively studying gastric emptying preoperatively in 99 
infants and children with symptomatic GER referred for 
fundoplication. i 


PATIENTS AND METHODS 


During a 4-year period (1984 to 1987), 99 infants and children with 
symptomatic GER were referred to the pediatrie surgery service at 
the James Whitcomb Riley Hospital for Children, Indiana University 
Medical Center, Indianapolis. The diagnoSis of GE R was suspected in 
children with severe neurologic impairment, failure to thrive, re- 
peated pulmonary infections, aspiration, and intractable vomiting. In 
most cases, the diagnosis was confirmed by barium contrast esopha- 
gram or technetium sulfur colloid scintigraphic gastroesophageal 
reflux scans (Fig 1). In patients with symptoms and clinical evidence 
of GER in whom reflux was not evident on contrast esophagram or 
scintigram, diagnosis was achieved by continuous esophageal pH 
probe monitoring (pH of 4 or less) or upper gastrointestinal endosco- 
py with biopsy to confirm esophagitis. Once the diagnosis of GER was 
established, patients were prospectively scheduled for a gastric emp- 
tying study. Gastric emptying was measured after a 4- to 6-hour fast 
by administering “Te sulfur colloid labeled scrambled eggs toolder 
children orally or in a thickened liquid formula given through an 
orogastric tube in infants. Patients were placed in the prone position 
and gastric counts were computed at 0, 15, 30, 45, and 60 minutes 
after ingestion. Technetium sulfur colloid incorporated inte seram- 
bled eggs is a useful measure of gastric emptying because the isotope 
binding to cooked eggs resists elution by acid-peptic digestion.” 
Normal gastric emptying is 70% at 1 hour in infants receiving ”"Te 
labeled thickened formula and 60% for children receiving “Te la- 
beled scrambled eggs. Delayed gastric emptyingywas defined as less 
than 50% of the radiolabeled marker emptied bythe stomach at the 
end of 1 hour in this series (Fig 2). 


RESULTS 


Twenty-eight (28%) of 99 infants and children with symp- 
tomatic GER had significant delays in gastric emptying. The 


Gastroesophageal Reflux—Papailaetal 933 








Fig 1.—Left, Normal scintiscan. None of the radiolabeled marker has refluxed into the esophagus. Right, Scintiscan 
demonstrating gastroesophageal reflux. Radiolabeled marker is visiblein the esophagus. 








Fig 2.—Left, Gastric emptying study at time zero. All of the radiolabeled marker is in the stomach. Right, A computed 
gamma counter indicates that only 32% ef the radiolabeled marker (fchnetium sulfur colloid ) has been emptied from the 
stomach at the end of 1 hour. Note the presence of gastroesophageatreflux. 


mean percent (+SD) of radiolabeled marker emptied at the 
end of 1 hour in patients with delayed emptying was only 
31% + 9.38% (range, 18% to 49%) as compared with 70% + 18% 
for 71 patients with nermal emptying. Delayed gastric empty- 
ing was noted in 15 boys and 13 girls. The age at diagnosis 
ranged from 1 month to 18 years (average age, 32 months). 
Twenty-one (75%) of the 28 patients with DGE had neurologi- 
cal impairment, including one or more of the following: cere- 
bral palsy, birth anoxia, hydrocephalus, intraventricular 
hemorrhage, cerebral infarcts, meningitis, and sagittal vein 
thrombosis, which are shown in the following tabulation: 
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Condition No. of Cases 
Cereoral Palsy 12 
Birth Anoxia 
Hydrocephalus 


Cereoral Infarcts 
Intraventricular Hemorrhage 
Sagittal Vein Thrombosis 


Preqperative symptoms included pulmonary disease (chronic 
infection, aspiration, reactive airway disease, bronchopul- 
monary dysplasia, and cystic fibrosis), poor feeding with 
failure to thrive, and recurrent emesis (Fig 3). 


= DON & 
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No. of Patients 
5 


Pulmonary Emesis 
Disease 


FTT + Pulmonary FTT 
Disease 
Symptoms 


Fig 3.—Preoperative symptoms in patients with gastroesophageal 
reflux and delayed gastric emptying. FTT indicates failure to thrive. 


Four patients presented with failure to thrive and weight 
loss only while another four had mainly recurrent pulmonary 
disease. Three patients had recurrent emesis with acceptable 
weight gain, but the majority of the patients had combined 
symptoms of failure to thrive and pulmonary disease {which 
was severe enough to require tracheostomy in four patients). 

Twenty-one of 28 patients with documented GER and DGE 
underwent a concomitant gastric drainage procedure at the 
time of their Nissen fundoplication. A one-layer Heineke- 
Mikulicz pyloroplasty was performed in 19 patients and pylor- 
omyotomy was performed in 2. The remaining 7 patients 
underwent fundoplication only. Twenty-five of the 28 pa- 
tients had a concomitant gastrostomy. Operative and perio- 
perative mortality was zero, and there were no complications 
directly related to the performance of the gastric drainage 
procedure. Early postoperative complications included pneu- 
monia in 2 patients, seizures in 3 patients (all with previous 
seizure disorders), an intravenous infiltration that required 
débridement and autologous split thickness skin grafting in 1 
patient, and a postoperative mechanical small-bowel obstruc- 
tion requiring laparotomy for a single adhesive band in 1 
patient 6 days after surgery. 

Follow-up averaged 12 months with a range of 3 months to 4 
years. The seven patients with DGE in whom a gastric drain- 
age procedure was not performed had postoperative prob- 
lems. All seven developed symptoms of early satiety, feeding 
difficulties, gas bloat, gagging, or pain. Two patients had a 
slipped or failed Nissen fundoplication; these two and three 
others with continued evidence of DGE subsequently re- 
quired a pyloroplasty to establish gastric drainage and 
showed improvement of their symptoms. A second fundopli- 
cation procedure was also performed in the two patients with 
wrap breakdown. One patient was treated successfully with 
metoclopramide hydrochloride and bethanecol chloride early 
postoperatively and has been successfully weaned off these 
agents. At the time of this writing, however, one patient with 
severe cerebral palsy and dysmorphia continues to exhibit 
gagging and gastric atony and currently receives both meto- 
clopramide and bethanecol therapy. 


COMMENT 


This study indicates that a significant percentage (28%) of 
children with symptomatic GER also have marked delays in 
gastric emptying when prospectively studied in the preoper- 
ative period. These findings correlate with the reported inci- 
dence of DGE in adults and children with proved GER from 
37% to 50%." " In the present study, the majority of children 
with proved GER and DGE underwent Nissen fundoplication 
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and a concomitant gastric drainage procedure. The addition of 
pyloroplasty (or pyloromyotomy) was highly effective ir alle- 
viating symptoms of GER and DGE and did not add to the 
postoperative morbidity. None of the children in whom a 
Nissen fundoplication and a gastric emptying procedure were 
performed is currently exhibiting evidence of reflux or diffi- 
culty with oral or gastrostomy tube feedings. 

All seven of the children in this study with both GER and 
DGE who underwent operative correction by fundoplication 
alone (ie, without a concomitant drainage procedure) cevel- 
oped postoperative and long-term feeding difficulties, includ- 
ing early satiety, gas bloat, inability to tolerate normal vol- 
umes of gastrostomy tube feedings, gagging, pain, and 
aversion to feedings. All of these patients were inicially 
treated with medications including metoclopramide, bezhan- 
echol, or both. These agents were ineffective in alleviating the 
symptoms of DGE in six of the seven infants. There are 
several recent reports, including randomized double-blind 
studies, that suggest that both bethanechol and metoclopra- 
mide are ineffective in relieving symptoms of GER and DGE 
in the chronic setting. ”” 

The majority of patients (75%) with GER and DGE had 
neurologic impairment. Vane et al reported that a global 
brain injury in cats resulted in both acute and chroniz de- 
crease in lower esophageal sphincter pressures, placing the 
subject at risk for GER. Matthews and colleagues,” in a 
similar feline model, demonstrated that brain injury charac- 
terized by increased intracranial pressure was assoc ated 
with alterations in gastric motility. 

A variety of neurologic conditions and esophageal mozility 
disorders are associated with dysfunction of the lower esoph- 
ageal sphincter in children, including scleroderma, esoplage- 
al atresia, dystrophia myotonia, nemaline myopathy of infan- 
cy, familial dysautonomia, Cornelia de Lange’s syndrome, 
and esophageal achalasia.“*” Many of these patients also 
have DGE. With the advent of sophisticated testing and 
widespread use of scintigraphy, it has become evident that 
disorders of foregut motility are not only confined to the lower 
esophageal sphincter but to the gastric antrum as well, 135183% 
A variety of studies are currently used to document the 
presence of GER and DGE, including bariumcontrast radiog- 
raphy, esophageal manometry, upper gastrointestinal er.dos- 
copy, continuous esophageal pH monitoring, and esopkago- 
gastric scintigraphy.” Twenty-four-hour esophageal pH 
monitoring and esophagogastric scintigraphy are the most 
accurate tests for detecting GER in children.“ Esophegeal 
manometric studies in children have often been misleading.” 
Gastric computed scintigraphy was first introduced by C. H. 
Griffith, MD, FRCS, in 1966 and is the most reliable method 
for assessing gastric emptying. ”*”™ 

Delayed gastric emptying may be observed in patients with 
diabetes mellitus, following gastric surgery (with vagotomy), 
scleroderma, achlorhydria with atrophic gastritis, antral dys- 
motility, antral gastritis (due to Campylobacter pyleri), non- 
ulcer dyspepsia, anorexia nervosa, bulimia, and idiopathic 
duodenogastric dyssynchrony. A review of the current litera- 
ture also indicates that 37% to 50% of children and adults with 
symptomatic GER also have marked delays in gastric empty- 
ing. 15,17-19 

Liquids are emptied from the stomach in an exponential 
manner and do not cause as many symptoms of DGE as a solid 
meal. Gastric emptying of solids, on the other hand, is cherac- 
terized by a lag period (when the antrum mechanically br2aks 
food into smaller particles) followed by linear emptying.*” 

In the clinical evaluation of patients with DGE, a mechani- 
cal factor must be excluded as the cause of gastric retention. 
This is best accomplished with a barium study and upper 
gastrointestinal panendoscopy to rule out gastric outlet ob- 
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struction. While barium may define the gastroduodenal anat- 
omy, it is not an accurate indicator of gastric emptying. Gas- 
trie emptying is best assessed by scintigraphic methods.*™” 
Scintigrams can document motility of a labeled test meal 
(most often “"Tc in scrambled eggs or chicken liver) as it 
progresses from the antrum into the small intestine. In nor- 
mal adult subjects, 50% to 60% of the labeled material should 
leave the stomach within 2 hours.” Simultaneous dual gastric 
emptying studies using indium-labeled liquids along with 
“Te sulfur colloid labeled solids are currently being evaluat- 
ed.” Gastric emptying studies in the pediatric age group are 
more difficult to evaluate, especially in young infants where 
solids cannot be employed. Extensive studies in normal in- 
fants at our institution utilizing” Tc labeled formulas indicat- 
ed that 70% of the test material leaves the stemach within 1 
hour of oral feeding. Infants and toddlers who empty less than 
50% of the test formula in 1 hour are considered to have DGE. 
In our study, mean percent (+ SD) of infants with DGE (75% 
of whom were neurologically impaired) had only 31% + 9.3% 
of the test meal leave the stomach while centrol patients 
emptied 70% + 18% of a similar formula within 1 hour. 

These observations indicated that a signifieant number of 
patients with GER. also have DGE. Gastroesophageal reflux 
may be a manifestation of a generalized forgut motility disor- 
der in selected patients. This association is more common in 
infants and children with neurologic impairment. Our study 
suggests that infants and children with feeding disabilities 
that are referred for feeding gastrostomy or an antireflux 
procedure should have a thorough preoperative investigation 
of both esophageal and gastric function. 


References 


1. Hillemeier CA, Grill BB, MeCallum R, Gryboski J. Esophageal and 
gastric motor abnormalities in gastroesophageal reflux durmg infancy. Gastro- 
enterology. 1983;84:741-746. 

2. Hillemeier CA Lange R, McCallom R, Seashore J, Gryboski J. Delayed 
gastric emptying in infants with gastroesophageal reflux. J Pediatr Surg. 
1981;98:190-193. 

8. Orenstein SR, Orenstein DM. Gastroesophageal reflux and respiratory 
disease in children. J Pediatr. 1988;112:847-858. 

4. Weihrauch TR. GER: pathogenesis and clinical implications. Eur J Pe- 
diatr. 1985;144:215-218. 

5. Gupta M, Brans YW. Gastric retention in neonates. Pediatrics. 1978; 
62:26-29. 

6. Wesley JR, Corar AG, Sarahan TM, Klein MD, White SJ. The need for 
evaluation of gastroesophageal reflux in brain-damaged children referred for 
feeding gastrostomy. / Pediatr Surg. 1981;16:866-871. 

7. Vane DW, Shiffler M, Grosfeld JL, Ament ME, Foglia RP. Reduced LES 
pressure after acute and chronic brain injury. J Pediatr Surg. 1982;17:960-963. 

8. Fonkalsrud WE, Berquist W, Vargas J, Turner MK, West WK, Grosfeld 
JL. Surgical treatmentof the gastroesophageal reflux syndrome in infants and 
children. Am J Surg. 1987154:11-18. 

9. Dedinsky GK, Vane DW, Black T, et al. Complications and reoperation 
after Nissen fundoplication in childhood. Am J Surg. 1987;153:177-183. 

10. Tunnel WP, Smith EI, Carson JA. Gastroesophageal reflux in childhood 
the dilemma of surgical success. Ann Surg. 1983;197:560-565. 

ll. Randolph JG, Lilly JR, Anderson KD. Surgical treatment of gastro- 
esophageal reflux in infants. Ann Surg. 1974;180:479-486. 

12. Velasco N, Hill L, Gannan RM, Pope CE. Gastric emptying and gastro- 
esophageal reflax. Am ./ Surg. 1981;144:58-62. 

13. Maddern GJ, Jamieson GG, Chatterton BE, Collins PJ. Is there an 
association between brain-failed antireflux proceedures and delayed gastric 
emptying? Ann Surg. 1985;202:162-165. 

14. Jolley SG, Tunell WP, Leonard JC, Hoelzer DJ, Smith EI. Gastric 


936 Arch Surg—Vol 124, August 1989 


emptying in children with gastroesophageal reflux, I: an estimate of effective 
gastric emptying. J Pediatr Surg. 1987;22:923-936. 

15. DiLorenzo C, Peipsz A. Ham H, Cadranel S. Gastric emptying with 
gastreesophageal reflux. Arch Dis Child. 1987;62:449-453. 

16. Kroop HS, Long WB, Alavi A, Hansell JR. Effect of water and fat on 
gastric emptying of solid meals. Gastroenterology. 1979;77:997-1000. 

17. Fonkalsrud EW, Ament ME, Berquist W. Surgical management of the 
GER syndrome in childhood. Surgery. 1985;97:42-48. 

18. McCallum RW, Berkowitz DM, Lerner E. Gastric emptying in patients 
with gastroesophageal reflux. Swrg Forwm. 1977;28:347-348. 

19. Maddern GJ, Chatterton BE, Collins PJ, Horowitz M, Shearman DJC, 
Jamieson GG. Solid and liquid gastric emptying in patients with gastroesopha- 
geal reflux. Br J Surg. 1985;72:344-347. 

20. Orenstein SR, Lofton SW, Orenstein DM. Bethanechol for pediatric 
gastroesophageal reflux: a prospective, blind, controlled study. J Pediatr 
Gastroenterol Nutr. 1986;5:556-559. 

21. Forbes D, Hodgson M, Hill R. The effects of gaviscon and metoclopra- 
mide in gastresophageal reflux in children. J Pediatr Gastroenteroi Nutr. 
1986;5:549-555. i 

22. Horowitz M, Maddox A, Maddern GJ, Wishart J, Collins PJ, Shearman 
DJC. Gastric and esophageal emptying in dystrophia myotonica: effect of 
metoclopramide. Gastroenterology. 1987;92:570-577. 

23. Matthews DE, Heimansohn DA, Papaila JG, Lopez R, Vane DW, Gros- 
feld JL. The effect of increased intracranial pressure on gastric motility. J Surg 
Res. 1988;45:60-65. 

24. Flick J, Boyle JT, Tuchman DN, Athrea BH, Doughty MA. Esophageal 
motor abnormalities in children and adolescents with scleroderma and mixed 
connective tissue disease. Pediatrics. 1988;82:107-111. 

25. Berezin S, Newman LF. Schwarz SM, Spiro AJ. Nemaline myopathy of 
infancy. Pediatrics. 1988;81:111-115. 

26. Axelrod FB, Abubrrage JJ. Familial dysautonomia: a prospective study 
of survival. J Pediatrics. 1982;101:234-236. 

27. Cates M, Billmire DF, Bull MJ, Grosfeld JL. Gastroesophageal dysfunc- 
tion in Cornelia de Lange syndrome. J Pediatr Surg. 1989;24:248-250. 

28. Henderson RD. Nonmalignant gastrointestinal disease: esophageal mo- 
tor disorders. Surg Clin North Am. 1987367:455-474. 

29. Zaninotto G, DeMeester TR, Schwizer W, Johansson KE, Cheng SC. 
The lower esophageal sphincter in health and disease. Am J Surg. 
19887155:104-111. 

30. Byrne WJ, Kangarloo H, Ament ME, et al. Antral dysmotility an 
unreeognized cause of chronic vomiting during infancy. Ann Surg. 
19814.98:521-524. 

31. Little AG, DeMeester TR, Rezai-Zadeh K, Skinner DB. Abnormal 
gastric emptying in patients with gastroesophageal reflux. Surg Forum. 
1977:28:347-348. 

32. Jolley SG, Leonard JC, Tunell WP. Gastric emptying in children with 
gastroesophageal reflux, II: the relationship to retching symptoms following 
antireflux surgery. J Pediatr Surg. 1987;22:927-930. 

33. Camilleri M, Brown ML, Malagelada JR. Relationship between im- 
paired gastric emptying and abnormal gastrointestinal motility. Gastroenterol- 
ogy. 1986;91:94-99. 

34. Arasu TS, Wyllie R, Fitzgerald FJ, et al. Gastroesophageal reflux in 
infants and children: comparative accuracy of diagnostic methods. J Pediatrics. 
1980;96:798-803. 

35. Horowitz M, Collins PJ, Shearman DJ. Disorders of gastric emptying in 
humans and the use of radionuclide techniques. Arch Intern Med. 
1985;145:1467-1472. 

36. Collins PJ, Horowitz M, Cook DJ, Harding PE, Shearman DJC. Gastric 
emptying in normal subjects: a reproducible technique using a single scintilla- 
tion eamera and computer system. Gut. 1983;29:1117-1125. 

37. Tothill P, McLoughlin GP, Heading RC. Technique and errors in scinti- 
graphic measurements of gastric emptying. J Nucl Med. 1977;19:256-261. 

38. Griffith GH, Owen GM, Kirkman S, Shields R. Measurement of rate of 
gastricemptying using Cr”. Lancet. 1966;1:1244-1245. 

3% Hunt JN, Spurrell WR. The pattern of emptying of the human stomach. 
J Physiol. 1951;113:157-168. 

40 Kelly KA. Gastric emptying of liquids and solids: roles of proximal and 
distal stomach. Am J Physiol. 1980;239:671-676. 

41. McCallum RW. Role of motility in gastric emptying and gastroduodenal 
reflux. In: Johnson AG, Lux G, eds. Progress in the Treatment of Gastrointesti- 
nal Motility Disorders: The Role of Cisapride. Princeton, NJ: Excerpta Medi- 
ca; 1988:99-112. 


Gastroesophageal Reflux—Papaila et al 


The Significance of the 
Gastric Secretory State 


in Gastroesophageal Reflux Disease 


Antony P. Barlow, MD; Tom R. DeMeester, MD; Chris S. Ball, MD; Ernst P. Eypasch, MD 


è The gastric secretory status of 75 patients with abnormal 
esophageal exposure to gastric juice proved by 24-hour pH moni- 
toring was measured to study the significance of gastric hyper- 
secretion in gastroesophageal reflux disease. Gastric hyperse- 
cretion was aless-frequent finding than a mechanically defective 
sphincter (28% vs 72%, respectively). Forty-eight percent of pa- 
tients with a normal sphincter, compared with 20% of those witha 
defective sphincter, were hypersecretors. In the presence of 
normal gastric secretion, complications occurred in 18% of 
those with a normal sphincter and 77% of those with a defective 
sphincter. In the presence of hypersecretion, the complication 
rate was 40% and 82%, respectively. These findings show that the 
development of reflux complications are related to a defective 
sphincter. Gastric hypersecretion in reflux patients with a normal 
sphincter is best treated by acid reduction using H2 blockers. 
Patients with a mechanically defective sphincter, regardless of 
their gastric secretory state, should have an antireflux 
procedure. 

(Arch Surg. 1989;124:937-940) 


( ‘\ astroesophageal reflux disease is due to an increased 

esophageal exposure to gastric juice. This can result 
from a mechanically defective lower esophageal sphincter, 
ineffective esophageal clearance of physiological reflux, or 
gastric abnormalities that cause reflux through a normal 
sphincter. There are four abnormalities known tc cause the 
latter: gastrice dilatation,’ increased intragastric pressure,’ 
persistent gastric reservoir, and increased gastric acid 
secretion. * 

This study was performed to advance our understanding of 
the influence of the gastric secretory state in patients with 
gastroesophageal reflux disease. The measurements of gas- 
tric acid secretion used were basal acid output (BAO), ie, the 
mean secretion of the stomach during 1 hour after an over- 
night fast without stimulation, and the maximal acid output 
(MAO), ie, the amount of acid produced in 1 hour after an 
overnight fast with pentagastrin stimulation. The former 
measurement represents the interdigestive secretion of the 
stomach and is an approximate and variable guide to the 
fasting gastric secretory state. The latter represents the 
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maximal acid production by the stomach’s parietal cell mass 
and is a dependable and reproducible measurement of stimu- 
lated gastric secretory ability. 

The following specific questions were asked: (1) Is a gastric 
hypersecretory state associated with gastroesophageal re- 
flux disease? (2) If so, is a gastric hypersecretory state more 
prevalent than a mechanically defective sphincter in patients 
with gastroesophageal reflux disease? (3) Do patients with 
gastric hypersecretion have greater esophageal acid expo- 
sure and a higher incidence of gastroesophageal reflux com- 
plications than patients with normal gastric secretion? (4) Is 
the prevalence of gastroesophageal reflux complications high- 
er in patients with a gastric hypersecretory state than in 
those with a mechanically defective sphincter? (5) What is the 
relationship between the gastric secretory state and the me- 
chanical adequacy of the sphincter in the development of 
complications of gastroesophageal reflux disease? 


PATIENTS AND METHODS 


During a 2-year period from 1986 to 1988, 120 patients with symp- 
toms of gastroesophageal reflux disease and with abnormal esopha- 
geal exposure to gastric juice, as determined by 24-hour ambulatory 
esophageal pH monitoring, were seen at the Creighton University 
Surgical Gastrointestinal Diagnostic and Research Center, Omaha, 
Neb. Eighty-five patients required further investigation because of 
the duration and severity of their disease. All had an upver gastroin- 
testinal tract endoscopy, an esophageal manometry, and a gastric 
analysis done. Ten patients were subsequently excluded from the 
study because of previous esophageal or gastric surgery. The remain- 
ing 75 patients were entered into the study. There were 46 men (mean 
age, 49 years; range, 17 to 70 years) and 29 women (mean age, 52 
years; range, 23 to 80 years). 


Endoscopy 


The majority of endoscopic examinations were performed by one of 
us (T.R.D.). Evidence of esophageal and duodenal mucosal changes 
were recorded. The severity of esophagitis, when present, was classi- 
fied as follows: grade I, mucosal erythema; grade II, linear erosions; 
grade III, increase in depth and width of the linear erosions (cobble- 
stone esophagitis); and grade IV, the presence of a stricture.’ Pa- 
tients with histologically proved columnar epithelium in the esopha- 
gus, more than 3 cm above the cardia, were considered to have a 
Barrett's esophagus.” 


Esophageal Manometry 


This was performed by the method introduced by Winans and 
Harris,” using a single catheter assembly consisting of five fluid-filled 
polyethylene tubes bonded together with five sequential, radially 
orientated, lateral openings of 0.8 mm in diameter placed 5.0 cm 
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apart. The recording catheter was continuously perfused with dis- 
tilled water at 0.5 mL/min using a low-compliance pneumohydraulic 
capillary infusion pump (Arndorfer Medical Specialties Inc, Green- 
dale, Wis). Each tube was connected to an external pressure trans- 
ducer (Statham transducer, model P2306, Gould, Cleveland, Ohio), 
which was in turn connected to a 16-channel recorder (ES1000, 
Gould). Measurements of the pressure, the overall length, and the 
abdominal length of the sphincter were obtained by the station pull- 
through technique, in which the catheter was withdrawn from the 
stomach through the lower esophageal sphincter (LES) in l-cm 
increments. 

The pressure of the LES was measured as the difference between 
the end-expiratory gastric pressure and the amplitude of the high- 
pressure zone at the respiratory inversion point. The overall length of 
the LES was measured as the distance between the lower and upper 
border of the high-pressure zone, and the abdominal length was the 
distance between the lower border of the LES and the respiratory 
inversion point. A mechanically defective sphincter was defined as 
one with an LES pressure of 6 mm Hg or less, an overall length of less 
than 2.0 cm, or an abdominal length of less than 1.0 em. The first two 
values are the 2.5th percentile and the last value is the fifth percentile 
of those measured in 50 normal subjects. 


Twenty-four—Hour Esophageal pH Monitoring 


Esophageal pH was measured by a combination glass electrode 
(model 440 M4, W. Ingeld AG, Urdorf, Switzerland) placed 5 em 
above the upper border of the LES as measured by manometry.” This 
was connected to a solid-state monitor (Synectics, Irving, Tex). The 
probes were calibrated in a standard buffer solution at the beginning 
and end of the 24-hour test period. The patient was sent home and 
instructed to remain in the upright or sitting position until he or she 
retired for the evening, to avoid strenuous exertion, and to follow a 
diet sheet restricting tne patient to three meals composed of food with 
a pH between 5 and 7. Only water was permitted between meals. A 
diary was kept of food and fluid intake, symptoms experienced during 
the monitoring period, the time when a supine position was assumed 
in preparation for sleep, and the time of rising in the morning. At the 
end of the test the stored data were transferred to a personal comput- 
er (International Business Machines, White Plains, NY) and ana- 
lyzed using a commercial software program (Gastrosoft, Irving, 
Tex). 

A fall in pH to 4 or less was defined as acid reflux. The amount of 
esophageal acid exposure was scored using a previously published 
mathematical formula based an the mean + SD for six components of 
the 24-hour record adjusted far nonparametric data.” These were the 
percentage of the time the esophageal pH was 4 or less for the total 24- 
hour period and for the time in the upright and supine positions, the 
_ total number of reflux episodes, the number of episedes lasting 5 
minutes or longer, and the duratien of the longest reflux episode 
expressed in minutes. Patients whose cumulative score exceeded the 
95th percentile for the scores derived from 50 normal subjects were 
considered to have an abnormal esophageal exposure to acid gastric 
juice. 


Gastric Analysis 


Gastric analysis was periormed as an outpatient procedure in the 
early morning after an overnight fast. Patients were instructed to 
discontinue antacids or drugs affecting gastric secretion 48 hours 
prior to the study. 

A 16F salem sump nasogastrie tube was passed transnasally into 
the dependent part of the bedy of the stomach. The correct length of 
tube was assessed by measuring the distance from the patient’s 
xiphisternum to the ear, then to the nose. Minor adjustment of 
position was occasionally necessary to ensure complete gastric aspi- 
ration. The test was commenced, with the patient supine, by empty- 
ing the stomach of resting juice and air with repeated syringe suction 
over 15 minutes. 

The basal secretion over a l-hour period was then collected by 
repeated syringe aspiration every 3 to 5 minutes. Maximal acid 
secretion was obtained by a subcutaneous 0.6-pg/kg injection of 
pentagastrin (Peptavlon). Gastric aspiration was continued for 15 
minutes after completing the basal collections, before starting collec- 
tions for the 1-hour maxima! stimulated period. 

The volume (in milliliters), pH (in units), and titratable acidity 
were measured by titrating to pH 7 with 0.1 mol/L of sodium hydrox- 
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Fig 1 —The gastric secretory status of the study population. Hyperse- 
cretian was defined as a basal acid output (BAO) greater than 5 
mmowh and a maximal acid output (MAO) greater than 30 mmol/h. 
Thess patients are plotted in the upper right quadrant of the graph. A 
triancle indicates a patient with duodenal ulcer. 


Table 1.—The Prevalence of Gastric Hypersecretion and a 
Defective Sphincter in Gastroesophageal Reflux Disease 


No. (%) of Cases 
Normal 
Secretion 
Normal sphincter 11 
Defective sphincter 43 11 
Total 54 (72) 21 (28) 75 


Hyper- 
secretion 


ide using an autoburette and titrator (PHM82 pH Meter, TTTS0 
Titrator, ABU80 Autoburette, Radiometer America, Cleveland, 
Ohio). The amount of acid in the basal and stimulated specimens was 
calculated as the product of the volume and titratable acidity, and 
expressed in millimoles per hour as the BAO and MAO, respectively. 

Basal acid hypersecretion was defined as a BAO greater than 5.0 
mmol/h.” while maximally stimulated hypersecretion was defined as 
an MAC greater than 30.0 mmol/h.” For the purpose of this study, 
only thosespatients who had both a BAO greater than 5.0 mmol/h and 
an MAO greater than 30 mmol/h were defined as hypersecretors. 


Statistical Methods 


Proportions were compared using the x” test and Fisher's Exact 
Test. 


RESULTS 


Is a gastric hypersecretory state associated with gastro- 
esophageal reflux disease? Of the 75 patients, 30 (40%) had a 
BAO exceeding 5 mmol/h, and 37 (49%) had an MAO exceed- 
ing 30 namol/h. Twenty-one (28%) of the 75 patients had both a 
BAO greater than 5 mmol/h and an MAO greater than 30 
mmol/h (Fig 1). Despite the high prevalence of hypersecre- 
tion, mucesal injury in the duodenum was uncommon. Four 
men anc 2 women (8%) had endoscopic evidence of duodenal 
ulcer disease. All had either a BAO greater than 5 mmol/h or 
an MAO greater than 30 mmol/h; in 4, both measurements 
were abnormal. On the basis of these findings, it was conclud- 
ed that gastroesophageal reflux disease is associated with 
definite gastric hypersecretion in about one fourth of 
patients. 

Is a gastric hypersecretory state more prevalent than a 
mechanically defective sphincter in gastroesophageal reflux 
disease? A mechanically defective sphincter, as defined in the 
“Patients and Methods” section, was present in 54 (72%) of 
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Fig 2.—The relationship of the prevalence of reflux complications to 
combinations of sphincter adequacy and gastric secretory state. LES 
indicates lower esophageal sphincter. 


the 75 patients. Gastric hypersecretion was present in 21 
(28%) of the 75 patients (Table 1). On the basis of these data, a 
mechanically defective sphincter was more prevalent than 
gastric hypersecretion in gastroesophageal reflux disease 
(72% vs 28%, respectively; P<.001). Of interest, patients 
with a mechanically normal sphincter had a greater preva- 
lence of gastric hypersecretion than those with a mechanically 
defective sphincter (48% vs 20%, respectively; P<.05). Both 
the sphincter and gastric secretion were normal in only 11 
(15%) of the 75 patients. 

Forty-eight patients (64%) had a reflux complication; 28 
had esophagitis (grade I, 9; grade II, 15; grade III, 4); 7 hada 
reflux-induced stricture; and 13 had a Barrett’s esophagus. 
Gastric hypersecretion did not result in increased esophageal 
acid exposure or a higher incidence of complications (24-hour 
pH score was 37.6 vs 34.2 and incidence of complication was 
65% vs 62% for patients with normal and increased gastric 
secretion, respectively). 

Is the prevalence of gastroesophageal reflux complications 
higher in patients with a gastric hypersecretory state or in 
those with a mechanically defective sphincter? Forty-two 
(78%) of the 54 patients with a mechanically defective sphinc- 
ter developed a reflux complication, compared with 13 (62%) 
of the 21 patients with gastric hypersecretion. These data 
show that when they are analyzed separately, the prevalence 
of gastroesophageal reflux complications associated with a 
mechanically defective sphincter or gastric hypersecretion is 
similar (78% vs 62%, respectively; P>.05). 

What is the relationship between the gastric secretory 
state and the mechanical adequacy of the sphincter in the 
development of complications of gastroesophageal reflux dis- 
ease? Figure 2 shows the relationship of gastroesophageal 
reflux complications to the various combinations of sphincter 
adequacy and gastric secretory state. The adequacy of the 
sphincter had a stronger effect on the prevalence of reflux 


Arch Surg— Yol 124, August 1989 










Table 2.—The Relationship Between the Lower Esophageal 
Sphincter and Gastric Secretory Status in the Development 
of Reflux Complications 


No. (%) of Cases 










Variable Normal Sphincter Defective Sphincter 

Normal secretion 

Normal mucosa 9 (82) 10 (23) 

Esophagitis 2 (18) 18 (42) 

Stricture 0 6 (14) 

Barrett's 0 9 (21) 
Hypersecretion 

Normal mucosa 6 (60) 2 (18) 

Esophagitis 4 (40) 4 (36) 

Stricture 0 1 (10) 





Barrett's 4 (36) 





complications than the state of gastric secretion. Moreover, 
there is no significant synergistic effect between a mechani- 
cally defective sphincter and gastric hypersecretion, since the 
prevalence of reflux complications in these patients was simi- 
lar to that observed in those with a defective sphincter and 
normal gastric secretion (82% vs 77%, respectively; P>.05). 
Table 2 shows that severe reflux complications, ie, stricture 
and Barrett’s esophagus, were found only in association with 
a mechanically defective sphincter. This emphasizes that a 
mechanically defective sphincter is one of the most important 
causative factors in the development of reflux complications. 


COMMENT 


The significance of gastric hypersecretion in gastroesopha- 
geal reflux disease has been debated since Winkelstein” first 
reported on a series of 20 patients with esophagitis, 17 of 
whom had gastric hypersecretion with an associated duodenal 
ulcer. Some investigators have supported this observation by 
reporting the prevalence of gastric hypersecretion in patients 
with gastroesophageal reflux disease to be as high as 66% to 
85%." Others,’ however, have simply attributed this ob- 
servation to the frequent but coincidental finding of duodenal 
ulcers in patients with gastroesophageal reflux disease. A 
problem with these studies was that the diagnosis of gastro- 
esophageal reflux was based either on symptoms, the pres- 
ence of a hiatal hernia, or the demonstration of esophagitis or 
strieture. These are now known to be either nonspecific or 
insensitive indicators of reflux disease. 

This study shows that when the diagnosis is confirmed by 
24-hour pH monitoring, gastric hypersecretion is a frequent 
finding, but the majority of patients have normal or low 
gastric secretion. The major factor in the eause of the disease 
and in the development of complications is a mechanically 
defective sphincter. In this respect, gastroesophageal reflux 
clearly differs from duodenal ulcer disease. The former is 
caused by loss of a mechanical barrier, namely, a defective 
LES, while the latter is caused by an increase in gastric acid 
secretion. The present study shows that even in patients with 
hypersecretion, a mechanically defective LES is the predomi- 
nant factor in reflux disease, for the prevalence of reflux 
complications in such patients is 82% compared with 40% in 
those with a normal sphincter. 

This study shows that in gastroesophageal reflux disease, 
gastric hypersecretion is a significant factor in only a minority 
of patients who have a mechanically normal sphincter. This 
finding is supported by the infrequent reports of esophagitis 
among patients with the Zollinger-Ellison syndrome." In 
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such patients, the inerease in volume and concentration of 
gastric secretion eauses increased physiological reflux. If 
esophageal volume clearance is effective and salivary flow 
adequate, then reflux episodes are of short duration and the 
esophageal mucosa is spared the consequence of prolonged 
exposure. This hypothesis is supported by Boesby,’ who has 
shown that there isa direct correlation between the frequen- 
cy of reflux episodes and the volume of basal secretion. 

It is easy to visualize that in the presence of a defective 
sphincter large volumes of gastric juice can reflux through a 
defective sphincter and overwhelm the normal clearance 
mechanism of the esophagus. This leads to prolonged expo- 
sure and the develapment of reflux complications. Although 
one would think that hypersecretion should be detrimental in 
this condition, we have been unable to support the concept 
that gastric hypersecretion and a mechanically defective 
sphincter have a significant synergistic effect in the develop- 
ment of reflux complications. This was true even for patients 
with Barrett's esophagus, despite the report that these pa- 
tients have significantly higher basal secretion and greater 
acid responses to exogenous gastrin. ” 

_ The results of cur study have important therapeutic impli- 
cations. The observation that gastroesophageal reflux is due 
primarily to a mechanical barrier problem implies that medi- 
cal therapy can completely correct the problem in only a 
minority of patients, ie, those in whom reflux occurs through a 
normal sphincter because of gastric hypersecretion. In those 
who have a mechanically defective sphincter, medical therapy 
can only produce symptomatic improvement by reducing gas- 
tric acidity. This explains the poor rate of healing of esophagi- 
tis reported by trials of H2 antagonist therapy and supports 
our finding that im the presence of a mechanically defective 
sphincter the complications of reflux are not dependent on 


gastric hypersecretion. Only when the stomach is rendered 
virtually achlorhydric is healing of esophagitis achieved at a 
rate comparable with that following reconstruction of an an- 
tiseflux barrier by surgery.”” 

The presence of a mechanically defective sphincter explains 
why relapse readily occurs following cessation of medical 
therapy in patients with severe disease. In a recent multi- 
center study of omeprazole therapy, more than 80% of pa- 
tients with esophagitis had recurrence of symptoms and ul- 
ceration within 6 months of discontinuing the medication.” 
Similarly, relapse was a common occurrence in a longitudinal 
study of medical therapy for patients with reflux esophagitis 
and low sphincter pressures.” Without surgery, patients with 
mechanically defective sphincters continue to exhibit reflux 
even though their symptoms are controlled by medical thera- 
py. This results in drug dependency, a situation that should be 
avaided since there is evidence that complications of the 
disease can occur in patients receiving medical therapy. ”” 

To avoid this, we recommend that patients with gastro- 
esophageal reflux disease be fully evaluated by endoscopy, 
esophageal manometry, and 24-hour pH monitoring if symp- 
toms or complications persist or recur rapidly after complet- 
ing 8 weeks of medical therapy. Those with a defective sphine- 
ter and persistent symptoms or complications are encouraged 
to kave an antireflux operation.” Those who have a defective 
sphincter but good control of symptoms without complica- 
tions are offered an antireflux operation to avoid drug depen- 
denzy. When gastric hypersecretion is found in association 
with a mechanically defective sphincter, a proximal gastric 
vagetomy is performed in addition to an antireflux procedure 
only if there is endoscopic evidence or a history of duodenal 
ulcer disease. 
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Gastric Surgery for Morbid Obesity 


Complications and Long-term Weight Control 


Charles E. Yale, MD 


è The efficacy of gastric surgery for morbid obesity has often 
been questioned because of incomplete long-term patient fol- 
low-up. Between 1977 and 1984, 537 consecutive patients re- 
ceived either a gastric bypass wit a Roux-en-Y gastrojejunos- 
tomy, an unbanded gastrogastrostomy, or a vertical banded 
gastroplasty. The follow-up perioe was 5 years for all patients 
who underwent Roux-en-Y gastrejejunostomy and unbanded 
gastrogastrostomy and 3 years fcr all patients who underwent 
vertical banded gastroplasty. Only 5.8% of all patients were un- 
available for this late follow-up. The unbanded gastrogastros- 
tomy was not an effective weight-control operation. Both the 
Roux-en-Y gastrojejunostomy anc vertical banded gastroplasty 
provided effective long-term weight control. Although the Roux- 
en-Y gastrojejunostomy gave sligħtly better weight control than 
the vertical banded gastroplasty the more simple, safe, and 
physiological vertical banded gastroplasty is the procedure of 
choice for most patients with morbid obesity. 

(Arch Surg. 1989;124:941-946) 


Aiton cbesity is a condition, morbid obesity is a disease. 
Diets, drugs, acupuncture, hypnosis, behavior modifica- 
tion, and combinations of intense dietary therapy anc psycho- 
therapy —indeed all treatment=except surgery —have failed 
to provide either long-term cont-ol or a cure for this disease in 
about 90% of patients. 

The value of surgery for obesity has been questioned for a 
variety of reasons. Some physEians continue to mistakenly 
believe that most patients with this chronic disease can lose 
weight with diet alone. Many operations have been described 
and many have produced serious late complications or poor 
weight control. There have been few late follow-up studies, 
and most of these have been grossly incomplete, thus foster- 
ing the idea that patients unavzilable for follow-up are treat- 
ment failures. 

This report reviews complicetions and weight control in a 
large series of patients who underwent one of three different 
kinds of gastric-restriction operations for morbid obesity. 
Less than 6% of these patients kave been unavailable for long- 
term follow-up. 
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PATIENTS AND METHODS 


Between November 1977 and September 1984, 537 consecutive 
patients, without previous surgery for morbid obesity, underwent 
one of three different gastric-reduction operations performed on the 
teaching service of the University of Wisconsin Medical School, 
Madison, and supervised by me. The average patient was 36 years of 
age (SD, +9 years) (range, 16 to 67 years), 168 cm tall (SD, +10 em) 
(range, 140 to 193 cm), and weighed 132 kg (SD, + 24 kg) (range, 90 to 
230 kg). Eighty-seven (16.2%) of the patients were men, and 24.8% of 
the patients were super obese, weighing 225% or more of their ideal 
weight. This series was not randomized. 

Initially, 251 patients underwent a gastric bypass with a Roux- 
en-Y gastrojejunostomy (GBY), and 186 patients underwent an un- 
banded gastrogastrostomy (GG). The last 100 patients underwent a 
vertical banded gastroplasty with a 5.0-cm circumference Marlex 
band (C. R. Bard Inc, Billerica, Mass) (VBG 5.0). These three groups 
were not statistically different (using Student’s ¢ tests) in terms of 
age, height, weight, or percent of super obesity. The distribution of 
men in the three groups was different, however (using x” test), with 
9.7% in the GG group, 17.1% in the GBY group, and 26.0% in the VBG 
5.0 group. 

All 251 patients who underwent a GBY had a 30-ce pouch, a 1.2-cm- 
diameter gastrojejunostomy, and a 50-cm-long Roux-en-Y limb (Fig 
1). Twenty of the 251 patients who underwent a GBY had a vertical 
staple line parallel to the lesser curvature of the stomach with the 
gastrojejunostomy along the lesser curvature (GBY-V), while the 
remaining patients had a horizontal staple line (GBY-H). All 186 
patients with a GG had a 30-ce pouch and a 1.2-cm-diameter GG. The 
first 137 patients who underwent the GG had a greater curvature 
gastroplasty (GG-H) (Fig 2), and the last 49 patients who underwent 
the GG had a lesser curvature gastroplasty (GG-V) (Fig 3). All 100 
VBG 5.0 operations were performed according to the technique 
described by Mason’ (Fig 4), and had a pouch volume of 20 ce and a 
stoma size controlled by a Marlex ring 1.5 cm wide and 5.0 em in 
circumference. 

The operating time, hospitalization after surgery, and the early 
complications (3 months or less after operation) and late complica- 
tions (more than 3 months after operation) were recorded for all 
patients. All patients receiving either a GBY or a GG had their 
operations at least 5 years previously, and all ofthe patients receiving 
a VBG 5.0 were operated on at least 3 years previously. The long- 
term weight control of these patients is the focus of this report. 
Excess weight was calculated from the 1983 Metropolitan Height and 
Weight Tables” by assuming that ideal weight is the mean weight of a 
medium-frame individual of a given height. 

Using a rating scale from 0 to 3, the patients receiving a VBG 5.0 
answered a series of follow-up questions about the size of their pouch, 
their degree of hunger between meals, and their use of both caloried 
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Fig 1.—Gastric bypass with Roux-en-Y gastrojejunostomy. 


liquids and soft foods. The answers of those patients undergoing a 
VBG 5.0 who, 3 years after surgery, failed to weigh at least 20% less 
than their original weight were reviewed and summarized. 

Analysis of variance and Student’s t tests were used to examine 
continuous variables. The x? test or Fisher’s Exact Test (when cate- 
gory sample sizes were small) were used to test all categorical vari- 
ables for equality of propertions 


RESULTS 
Present Status of Patients 


The status of all 537 patients is summarized in Table 1. Two 
of the early deaths were due to suicide, and one was a case of 
sudden death.* The seven late deaths were due to three 
suicides, a pulmonary embolus, a ruptured diverticulitis, a 
cerebrovascular accident, and an automobile aceident. About 
3% of the patients whe underwent GBY or VBG 5.0 opera- 
tions underwent reversals for a variety of reasons, while 
almost all the 65 reversals for patients who underwent GG 
were done because cf a failure to lose weight, usually caused 
by a dilatation of the unbanded stoma. Only 31 (5.8%) of the 
537 patients were unavailable for long-term follow-up. 


Duration of Operation and Hospitalization 


The mean operating time was 242 minutes (SD, +60 min- 
utes) fora GBY, 198 minutes (SD, + 45 minutes) for a GG, and 
139 minutes (SD, +32 minutes) for a VBG 5.0. This period 
includes time for ancillary procedures, such as anappendecto- 
my, a cholecystectomy, or the repair of a hiatal or incisional 
hernia. The mean duration of postoperative hospitalization 
was 11 days (SD, +11 days) after a GBY, 11 days (SD, +16 
days) after a GG, and 6 days (SD, +1 day) after a VBG 5.0. 
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Fig 2 —Unbanded greater curvature gastrogastrostomy with horizon- 
tal staple line. 





Fig 3.—Unbanded lesser curvature gastrogastrostomy with vertical 
staple line. 


Patients were discharged only after they were on a diet of 
solid feod. The nasal gastric tube was usually removed on the 
first day after a VBG 5.0, but not until the fourth or fifth day 
after a GBY or a GG. This delay probably accounts for most of 
the difference in the duration of postoperative stay. Current- 
ly, patients who undergo a VBG 5.0 are almost always dis- 
charged on a diet of solid food 5 days after surgery. 


Early Complications 


The 2arly complications are listed in Table 2. Minor wound 
problems were stitch abscesses and small seromas. Major 
wound problems, which occurred in 2.6% of the patients, were 
serious infections, large seromas, and dehiscences. A wound 
problem occurred in 6.0% of the patients receiving a GBY, in 
11.8% of the patients receiving a GG, and in 2.0% of the 
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Fig 4.— Vertical banded gastroplasty. 


Table 1.—Present Status of Patients 


No. (%) of Patients by 
Type of Operation* 


GG VBG 5.0 Total, No. (%) 


GBY 
No. of patients 251 186 100 537 
2/2 1/5 0/0 6/1. 


Died, early/atet 3/7 (0.6/1.3) 
Operation reversed 8 (3.2) 65 (35.5) 3 (3.0) 


Unavailable for 
follow-up 


Patients with 5-y or 
3-y follow-upt 


14 (5.6) 9 (4.8) 8 (8.0) 31 (5.8) 


225 (89.6) 106 (57.0) 89 (89.0) 


*GBY indicates gastric bypass with a Roux-en-Y gastrojejunostomy; GG, 
unbanded gastrogastrostomy; and VBG 5.0, vertical banded gas:roplasty with 
a 5.0-cm circumference Marlex band. 

tEarly indicates less than or equal to 3 months after operation; late, greater 
than 3 months after operation. 

Patients who underwent VBG 5.0 had a 3-year follow-up. 


patients receiving a VBG 5.0 (GG vs VBG, P=.029, Fisher's 
Exact Test). The lower incidence of wound problems after a 
VBG 5.0 is probably due to the greater experience of the 
surgeons (the VBG 5.0 operations were done last) and to the 
absence of gastric leaks and decreased contamination made 
possible by eliminating the open gastrointestinal anasto- 
moses done in the patients receiving a GBY and a GG. 

Postoperative stomal stenosis occurred 4.1% cf the time 
after the gastric anastomosis was performed in the patients 
receiving a GBY or a GG. This problem was satisfactorily 
treated by endoscopic dilatation in one third of the patients. 
However, most patients who underwent a GG-H required 
reoperation, and this was the principal reason for changing to 
the GG-V toward the end of the GG series. 


Late Complications 


The late complications are listed in Table 3. A staple-line 
disruption occurred in significantly fewer patients with a 
VBG 5.0 than with either a GBY or a GG (P=.01). This 
difference may partly reflect the shorter follow-up on patients 
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Table 2.—Early Complications After Gastric Surgery for 
Morbid Obesity* 











No. of Patients by 
Type of Operationt 
Total, 


GBY GG VBG 5.0 No. (%) 
Complication (n=251) (n=186) (m=100) (n=537) 


Atelectasis 19 5 31 (5.8) 





















Stomal stenosis, 






reoperation 3 9 vite 12 (2.2) 
Stomal stenosis, 
6 (1.1) 





endoscopic dilation 5 1 T 


*Early indicates less than or equal to 3 months after operation. 

tGBY indicates gastric bypass with a Roux-en-Y gastrojejunostomy; GG, 
unbanded gastrogastrostomy; and VBG 5.0, vertical banded gastroplasty 
with a 5.0-cm circumference Marlex band. 


Table 3.—Late Complications After Gastric Surgery for 
Morbid Obesity* 


No. of Patients by 











Type of Operationt 
Total, 
GBY GG VBG 5.0 No. (%) 
Complication (n=251) (n=186) (m=100) (n=537) 









Staple-line 
disruption 21 


19 
Stomal stenosis 4 9 (1.7) 
Incisional hernia 5 18 1 85 (15.8) 
6 






1 41 (7.6) 















Bowel obstruction 


10 

i 6 

hypoglycemia : ; 6 
5 

3 







1 
5 

Cholelithiasis 4 19 (3.5) 
1 


4 
2 
i 9 
ulcer 9 
6 
6 


Food impaction re 5 


Total, No. (%) 107 (42.6) 47 (25.3) 30 (30.0) 184 (34.3) 


“Late indicates greater than 3 months after operation. 

TGBY indicates gastric bypass with a Roux-en-Y gastrojejunostomy; GG, 
unbdanded gastrogastrostomy; and VBG 5.0, vertical banded gastroplasty with 
a 5.0-cm circumference Marlex band. 





who underwent a VBG 5.0, but more likely it occurs because 
two applications of the TA-90 stapler were used to form the 
staple line in all the patients who underwent a VBG 5.0. 
Staple-line disruption occurred in 28 (16.3%) of 172 patients 
when the TA-90 stapler was used once, in 4 (5.9%) of 68 
patients when the staple line was oversewn after a single 
application of the TA-90 stapler, and in 9 (3.0%) of 297 pa- 
tients after two applications of the TA-90 stapler. 
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Table 4.—Comparison of Weight Control of Morbidly Obese 
Patients and Super Obese Patients After a GBY-H* 


Time After Operation, y 
Mean + SD 











Morbidly Obese 








No. of patients 166 126 96 150 
Weight, kg 12+16 80+15 83+17 86+19 
WL, kg 42+10 39+14 36+15 
WL, % of OW 34.5+7.0  31.6+10:2 29.5+11.9+ 










WL, % of EW 71.2+15.6¢ 54.9>2114¢ 60.5+24.2 
Super Obese 

No. of patients 65. 45 44 56 

Weight, kg 159+22 100+20 106+29 103 +25 

WL, kg 58+16 54+23 54+23 

WL, % of OW 36.8+9.7 34.1+13.7 344+13.0t 

WL, % of EW 61.1+15.8t 56.6+227+ 57.4+21.2 





*GBY-H indicates horizontal (greater curvature) gastric bypass with a 
Roux-en-Y gastrojejunostomy; WL, weight loss; OW, original weight; and 
EW, excess weight. 

tP<.05. 


Overall, 15.8% (85/537) of these obese patients developed 
an incisional hernia in their epigastric midline incision. Vari- 
ous methods were used to close the fascia, and the incidence of 
incisional hernia reflected the type of fascial closure and not 
the type of operation. Incisional hernias occurred in 8.6% 
(6/70) of the incisions where the fascia was closed with nonab- 
sorbable sutures plus stainless steel staples, in 11.6% (28/242) 
of the incisions closed with nonabsorbable sutures alone, in 
13.6% (8/59) of the incisions closed with slowly absorbable 
sutures (polydioxanane), and in 25.9% (43/166) of the incisions 
closed with absorbable sutures (polyglycolic acid). 

Late stomal stenosis occurred in 1.8% (8/437) of patients 
who underwent a GBY or GG; these stenoses were usually 
satisfactorily treated with endoscopic dilatation. One patient 
who underwent a VBG 5.0 also had a late stomal stenosis 2 
years after the operation; this stenosis could not be dilated 
and required that the operation be reversed. 

Cholelithiasis, leading to a cholecystectomy, occurred dur- 
ing follow-up after each type of operation in 3% to 4% of the 
patients. The gallbladder was carefully palpated at the time of 
the gastric-reduction operation, and it was always removed if 
gallstones were present. 

Some complications, such as gastrointestinal tract ulcers 
(two gastric, three marginal, and three duodenal), bowel 
obstruction, and reactive hypoglycemia, occurred mainly af- 
ter a GBY. Followinga VBG 5.0, food impactions were easily 
treated by endoscopic removal of the food, but the band 
erosions were a very serious complication that frequently 
produced stomal obstruction necessitating reoperation and 
removal of the band. 


Long-term Weight Control 


Statistical analysis revealed significant differences in 
weight control between the morbidly obese patients and su- 
per obese patients with a GBY-H, between the morbidly 
obese patients with a GG-H and a GG-V, and between all 
groups of patients with aGBY, a GG, ora VBG5.0. 

The super obese patients who received a GBY-H lost more 
weight than the morbidly obese patients who received a GBY- 
H after 1, 3, or 5 years (P = .0001) (Table 4). They lost more of 
their original weight after 5 years (P =.0157), but lost less of 
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Table 5.—Comparison of Weight Control After a GG-H or 
GG-v in Patients Weighing Less Than 225% of Ideal Weight* 


Time After Operation, y 





Mean+SD 
GG-F 
No. of patients 98 64 17 49 
Weight, kg 120+13 97+16 95+18 109 + 23 
WL. kg 22+ 14t 23+19 12+20t 
WL. % of OW 18.4+11.0f 19.2+148 9.8+16.7+ 
WL % of EW 38.3+22.9t 40.5+31.3 20.6+34.8t 
GG-V 
No. of patients 33 19 10 25 
Weight, kg 122+13 89+15 99 + 20 96+15 
WL, kg 35+ 8t 22+12 25+ 14f 
WL, % of OW 28.7+6.6¢ 18.5+10.1 20.6+10.9t 
WL, % of EW 57.4+15.4¢ 38.0+21.6 41.2+21.2t 


*GG-H indicates horizontal staple line with gastrogastrostomy near greater 
curvature; GG-V, vertical staple line with gastrogastrostomy along lesser 
curvature; WL, weight loss; OW, original weight; and EW, excess weight. 

t.0004 = P=<.001. 

P = .0025. 


their exeess weight after either 1 or 3 years (P=.0004 and 
P= .0420). After 5 years, there was no statistical difference 
between excess weight lost by morbidly obese and super 
obese patients (P = .3605). 

There was no statistically significant difference in long- 
term we ght control between the patients who underwent a 
GBY-H and those who underwent a GBY-V. However, the 
patients who underwent a GG-V lost more weight and a 
greater percentage of both their original weight and their 
excess weight (.0001<P<.0025) 1 and 5 years after surgery 
than the patients who underwent a GG-H (Table 5). The GG is 
a poor operation for morbid obesity, presumably because of 
stomal d latation. Even so, the data show that the GG-V is 
clearly a better operation for weight control than the GG-H. 

Weight control after the three major types of surgery is 
shown in Table 6 and Fig 5. Analysis of variance showed 
highly significant differences between the three operations 
for weight loss expressed as a percentage of patients’ original 
weight or as a percentage of their excess weight at both 3 and 
5 years (for the GBY vs the GG) after operation (P = .0001 to 
P=.0192 between groups; P=.0001 overall). At all times 
after surgery, the patients who underwent a GBY lost more 
weight and a greater percentage of both their original weight 
and their excess weight than the patients who underwent 
either a GG or a VBG 5.0. 

During the first 6 months after surgery, the patients who 
underwert a GG and a VBG 5.0 lost about the same amount of 
weight; however, 1 year after surgery and thereafter the 
patients who underwent a VBG 5.0 controlled their weight 
much more effectively than did patients who underwent aGG. 
Almost 90% of the patients who underwent a GBY or a VBG 
5.0 are included in the follow-up. Three years after operation, 
the patients who underwent a GBY lost 32.6% of their original 
weight and 62.9% of their excess weight, compared with 
25.2% and 50.0%, respectively, for the patients who under- 
went a VEG 5.0. Ifone assumes that patients who do not come 
back for fellow-up have poorer weight loss, the weight losses 
recorded 1, 2, and 3 years after a GBY or a GG may be 
artificially high. Thus, the apparent gradual increase in 
weight shewn by the GBY and VBG 5.0 curves starting 1 year 
after surg2ry may be more artificial than real. 
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3 mo 6 mo 


















GBY 
No. of patients 251 219 184 
Weight, kg 132+ 24 106+ 21 94+20 
WL, kg ae 26+7 37+10 
WL, % of OW 20.1+4.6 23.5+5.8 
WL, % of EW 39.6 + 10.6 56.1+13.1 
GG 
No. of patients 186 167 146 
Weight, kg 132+ 26 110+21 1005+21 
WL, kg wA 22+8 29+12 
WL, % of OW 16.7 +4.9 21.4+7.4 
WL, % of EW 32.2 + 10.1 41.1+15.1 
VBG 5.0 
No. of patients 100 90 77 
Weight, kg 130 +20 109+19 101 +20 
WL, kg ay 21+5 30+9 
WL, % of OW 16.5+3.8 22.8+6.5 
WL, % of EW 33.0+9.1 45.4+13.6 











Table 6.—Weight Control After Gastric Surgery for Morbid Obesity* 


Time After Operation, Mean + SD 









ly 2y 3y Sy 
190 177 151 225 
85+19 83+18 90 + 24 90 +22 
46>+13 47+17 44+18 41+1g 
35.2+7.9 35.8+10.3 32.6+11.2 31.1+12.2 
68.9 + 16.4 69.8 +19.7 62.9 +21.9 60.4 +24.3 
118 62 37 106 
102+21 105+21 103 +22 115+26 
30+18 29+19 26 + 20 18+19 
22.1 +11.2 20.7+11.3 19.9+ 13.0 13.4+14.5 
42.4+21.6 39.8+21.5 39.0 + 25.9 26.0 + 28.9 
67 77 89 
97+22 96 +22 98+ 24 
35+11 34+16 33+15 
27.0+8.2 26.1+11.5 25.2+11.1 
53.1 + 17.7 51.7 +22.6 50.0 +22.0 


*GBY indicates gastric bypass with a Roux-en-Y gastrojejunostomy; GG, unbanded gastrogastrostomy; VBG 5.0, vertical banded gastroplasty with a 5.0-cm 





circumference Marlex banc; WL, weight loss; OW, original weight; and EW, excess weight. 


Roux-en-Y Gastrojejunostomy 


Vertical Banded Gastroplasty 5.0 


Weight Loss, % of Excess Weight 


Unbanded Gastrogastrostomy 


3mo 6 mo ly 2y 3y 5y 
Time After Operation 
Fig 5.—Weight loss after gastric surgery for morbid obesity. 


Failures 


One method of evaluating the efficacy of an operation is to 
look at the percentage of patients who fail to achieve or 
maintain a weight loss of a predetermined amourt. There 
have been several suggestions, but no consensus, about what 
constitutes failure. If one defines failure as the inability to 
maintain a weight loss that is equal to 20% of the original 
weight, then 16% of the patients who underwent a GBY and 
70% of the patients who underwent a GG were failures after 5 
years, and 31% of the patients who underwent a VBG 5.0 
were failures after 3 years. 

A review of the historical subjective ratings of the 28 
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patients who failed to maintain a weight loss of 20% of their 
original weight after receiving a VBG 5.0 at 3 years after 
surgery provides some understanding of the causes of failure. 
These patients had been routinely asked during their follow- 
up visits to rate the size of their pouch, the presence of hunger 
between meals, and their use of caloried liquids and soft foods. 
More than 90% of these patients said they had a small- or 
medium-sized pouch, could comfortably eat only a small or 
moderate amount of solid food, and were rarely or infrequent- 
ly hungry between meals. 

However, 29% of the patients who failed to maintain a 20% 
weight loss consumed large amounts of caloried liquids, 79% 
of the patients frequently or usually ate large amounts of soft 
food, and some patients did both. Patients with eithera GBY 
or a VBG 5.0 rarely had trouble consuming large amounts of 
soft foods taken alone, and patients who showed this behavior 
were unlikely to have better weight contro! after a GBY than 
after a VBG 5.0. 

However, a sizable number (perhaps two thirds) of the 
patients who underwent a GBY had symptoms of “dumping” 
that were severe enough to help decrease their consumption 
of caloried liquids. In this series of patients who underwent a 
VBG5.0, it seems reasonable to assume that most of the 8 who 
failed to maintain a 20% weight loss and drank large amounts 
of caloried liquids would have had better weight control had 
they undergone a GBY rather than a VBG 5.0. Thus, 9% (8/89) 
of the patients who underwent a VBG 5.0 with follow-up 3 
years after surgery would have done better with a GBY. 


COMMENT 


Although this large group of patients who underwent three 
different major types of gastric surgery for morbid obesity 
was not randomized, it seems reasonable to believe that the 
comparisons are valid. The patients were all selected in the 
same fashion, and for a long period all patients had the same 
operation. If there is a learning bias, it would be most heavily 
weighted against the GBY because most of the patients who 
underwent a GBY were done first as a group. The characteris- 
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tics of the three groups were similar, except for the greater 
proportion of men in the VBG 5.0 group. 

Five of the 10 deaths in this series were due to suicide. 
These tragic outcomes forcefully emphasize the importance of 
treating the whole patient. If the minor wound, pulmonary, 
and urinary tract problems are excluded, there were 50 early 
complications in the 437 patients who underwent a GBY or a 
GG (some patients had multiple complications), an incidence 
of 11.4%. 

Similarly, if the endoscopically treated food impactions, 
minor wound problems, and pulmonary problems are ex- 
cluded, only 3 of the 100 patients who underwent a VBG 5.0 
had significant complications. Clearly, there are fewer early 
complications after a VBG than after a GBY or a GG. Thomp- 
son et al‘ published an excellent and comprehensive literature 
review of the early and late complications after gastric sur- 
gery for morbid obesity. In several series with over 100 
patients each, they found an incidence of 0.0% to 2.4% for 
early deaths, 0.5% to 5.5% for splenectomy, 0.0% to 5.4% for 
gastric leaks, and 0.44% to 13.8% for wound infections. The 
rates in this study of early complications compare favorably 
with these series. 

The most common late complications in this series were 
staple-line disruptions and incisional hernias. These complica- 
tions are related to the techniques of forming the staple line 
and closing the fascia of the abdominal wall, and not to the 
type of procedure performed. Two side-by-side applications 
of the TA-90 stapler or a single application of the four-row TA- 
90B stapler have drastically reduced the incidence of staple- 
line disruptions. Similarly, the use of nonabsorbable or slowly 
absorbable sutures to close the fascia of the abdominal wall 
has decreased the incidence of incisional hernias. 

Band erosion was the most serious late complication in the 
patients who underwent a VBG 5.0. In at least one patient, 
the process was probably initiated by a gastric mucosal injury 
following the patient’s repeated ingestion of large numbers of 
aspirin tablets. Patients with a VBG 5.0 must be warned to 
take their medication on an empty stomach and in a form 
(quid or small tablets) that allows the medication to readily 
pass through the band into the distal stomach. 

Mason et al’ reported that super obese patients do not lose 
as much of their excess weight after a VBG 5.0 as do morbidly 
obese patients (48.9% vs 60.6% of excess weight). There is a 
similar, but not statistically significant, trend in the results 
presented herein. The difference between super obese and 
morbidly obese patients after a GBY-H is significant, howev- 
er. Three years after operation, the super obese patients lost 
56.6% of their excess weight, and the morbidly obese patients 
lost 64.9% of their excess weight; after 5 years and a more 
complete follow-up, the super obese group lost a significantly 
greater percentage of their original weight and about the 
same percentage of their excess weight as the morbidly obese 
group. The GBY-H works equally well for morbidly obese and 
super obese patients. 

Neither the patients with a GG-H nor those with a GG-V 
maintained a satisfactory weight loss, and these operations 
should not be used to treat morbid obesity. Buckwalter and 
Herbst’ reported that their patients who underwent a GG lost 
51.3% of their excess weight after 1 year, compared with 
42.4% for the patients deseribed herein. Initially, the gastro- 
gastrostomy scar was expected to be strong enough to resist 
dilatation, and the results of weight loss after 6 months were 
very encouraging. However, stomal dilatation eventually oc- 
curred in most (but not all) patients, and the procedure failed. 
It is little consolation to note that the patients who underwent 
a GG-V experienced significantly better long-term weight 
control than the patients who underwent a GG-H. 

Reports of the efficacy of surgery for morbid obesity have 
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been suspect because there are few long-term studies with 
follow-up on a high percentage of patients. A few reports” 
provide details about the percentage of patients who were 
followed up for each period after surgery. Many other reports 
omit these details, leading to the belief that large numbers of 
patients (as many as one third of the total) are “lost” and 
surely are all failures. 

This belief was not substantiated when we found many of 
our lost patients who underwent a GBY or a VBG 5.0, but it 
was true for many of our patients who underwent a GG. This 
report of long-term results, with almost 90% follow-up, shows 
that the GBY is a more effective operation for weight control 
than the VBG 5.0. The average patient, 5 years after a GBY, 
maintains a weight loss of 31% of original weight and 60% of 
excess weight. This weight loss is slightly less than the loss 
reported by others” after a shorter follow-up period. Three 
years after surgery, the average patient who underwent a 
VBG 5.0 lost 25% of original weight and 50% of excess weight. 
Mason et al’ reported a 49% loss of excess weight in 22 super 
obese patients and a 61% loss of excess weight in 58 morbidly 
obese patients, 5 years after a VBG 5.0. 

There is no consensus about how much weight a patient 
must lose for the operation to be labeled a success or a failure. 
If one arbitrarily agrees that patients who do not lose 20% of 
their original weight at any given time after operation have 
failed, then 31.5% (28/89) of the patients who underwent a 
VBG 5.0 failed 3 years after surgery. Eight (29%) of these 
patients admit to drinking large amounts of caloried liquids. 
As emphasized by Sugerman et al,” these patients probably 
would have had much better weight control with a GBY. 
Eliminating these 8 patients would not account for all of the 
difference in weight loss between the patients with a VBG 5.0 
and a GBY. 

Both the GBY and the VBG 5.0 are satisfactory operations 
for most morbidly obese patients. In the end, patients, with 
the help of their physicians, must decide which operation is 
best for them. Either operation is a “crutch” that helps pa- 
tients gain control of their weight. Patients who refuse re- 
sponsibility for their postoperative conduct are not candi- 
dates for either procedure. Patients who eat sweets and drink 
large amounts of caloried liquids should have, if anything, a 
GBY. However, most patients would do well to trade the 
slightly better weight control of the GBY for the freedom 
from side effects and lower risks associated with the more 
physiological VBG 5.0. 
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Successful Surgical Treatment 


of Idiopathic Colonic Dysmotility 


The Role of Preoperative Evaluation of Coloanal Motor Function 


Michael E. Zeni!man, MD; Deanna L. Dunnegan, RN; Nathaniel J. Soper, MD; James M. Becker, MD 


è Identification of patients with severe idiopathic colonic dys- 
motility who would benefit from surgery can be difficult. Colonic 
transit studies and anorectal manometry were applied to 12 wom- 
en with severe constipation before subtotal colectomy. Delayed 
transit was noted in all patients with most exhibiting left-sided 
colonic arrest. Mean anal resting pressure and rectal capacity 
were similar to that in healthy controls. Pathologic examination 
results revealed decreased argyrophilic neurons in the colonic 
myenteric plexus. At 24 months postoperatively, all patients 
were satisfied with their results and mean (+ SEM) weekly bowel 
movementfrequency was 17 + 3 (compared with 0.8 + 0.2 preop- 
eratively). Preoperative coloanal function studies therefore aid in 
the selection of patients who will be successfully treated by 
surgery. Subtotal colectomy with ileorectal anastomosis is the 
preferred operation because dysmotility can originate from ei- 
ther side of the colon. 

(Arch Surg. 1989;124:947-951) 


evere chronic idiopathic constipation is a disease that 

typically afflicts young women. Definitive surgery is re- 
served only for those patients whose conditions are refractory 
to medical management, which includes dietary manipulation 
and use of stool softeners, anticonstipant medications, and 
enemas. Since in the absence of other disease this is typically a 
primary problem of lower intestinal motility, surgery is gen- 
erally directed either at the colon or anorectum. Martelli et 
al” have shown that it is important to establish the origin of 
chronic constipation as either a colonic source or an anorectal 
source. A colonic source of dysmotility would direct an opera- 
tion toward the colon itself while an anorectal source of ob- 
struction implies an outlet obstruction (such as Hirschs- 
prung’s disease) for which a different surgical approach is 
indicated.” 

Herein we report our experience involving 12 patients with 
chronic colonic dysmotility, resistant to maximal medical 
therapy, who were evaluated preoperatively and treated by 
operation. The patients underwent a standardized preoper- 
ative assessment that consisted of anorectal manometry to 
rule out outlet obstruction and colonic transit studies to docu- 
ment a primary colonic source of dysmotility. All were suc- 
cessfully treated with subtotal colectomy. Our data suggest- 
ed that with proper evaluation and screening, surgical 
treatment of primary idiopathic colonic dysmotility ean yield 
satisfactory results. 
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SUBJECTS AND METHODS 
Subjects 


We studied 12 adult patients who had a long history of chronic 
constipation that was resistant to standard therapy with exogenous 
fiber, laxatives, and daily enemas. None were using opiate analge- 
sics. Four patients were taking tricyclic antidepressants. Six healthy 
volunteers were studied with anal manometry as a control group. 

All of the patients suffering from constipation were women with a 
mean (+ SEM) age of 35 + 4 years (range, 21 to 52 years). Seven (58%) 
of the patients noted symptoms of constipation beginning during 
childhood, with a mean duration of symptoms of 21 + 4 years (range, 2 
to 40 years). The mean interval between bowel movements was 
11.3+1.6 days (range, 3 to 21 days) with 11 (92%) of the patients 
experiencing a greater than 1-week interval between bowel move- 
ments. Mean frequency of bowel movements was 0.8 + 0.2 stools per 
week, compared with published values in healthy subjects of 7.5 + 0.4 
stools per week.’ Typical associated preoperative symptoms of colon- 
ic dysmotility in the 12 constipated patients are shown in the follow- 
ing tabulation: 


Symptom No. (%) of Patients 
Constipation 12 (100) 
Progressive bloating/ 

distention 7 (58) 
Progressive/intermittent pain 8 (67) 
Nausea/emesis 3.(25) 
Occasional diarrhea 1 (8) 


Two patients (17%) had no previous intra-abdominal operations. 
Five patients (42%) had undergone previous bowel surgery, two of 
whom had also undergone left-sided colectomy for idiopathic consti- 
pation. Four patients (33%) had undergone previous abdominal hys- 
terectomy. Three patients (25%) had a strong family history of 
constipation. 


Anorectal Manometry 


Anorectal manometry was performed as described previously” 
with duplicate recordings obtained for each variable. A soft, three- 
lumen polyethylene manometry catheter was perfused continuously 
with water at 0.1 mL/min by a low-compliance pneumohydraulic 
perfusion system, consisting of a Beckman reeorder with an Arn- 
dorfer microcapillary infusion system (Beckman Instruments, Ful- 
lerton, Calif). After advancing the catheter 10 cm orad from the anal 
verge, it was withdrawn in 1-cm increments, and resting pressures of 
the anal sphincter were recorded at each station for 30 seconds. The 
anal port was then positioned 2 to 5 cm orad from the anal verge. 
Resting basal pressures were again recorded and the patient was 
instructed to squeeze and maintain the squeeze for 3 minutes. The 
rectal inhibitory reflex was then tested by positioning the catheter 
with a soft latex balloon proximal to the internal anal sphincter. With 
an intact reflex, inflation of a rectal balloon with small volumes of air 
results in a transient decrease in resting anal pressure, which corre- 
sponds to relaxation of the internal anal sphincter. Also, a transient 
increase in the distal anal canal pressure occurs, caused by contrac- 
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Fig 1.—Comparative anorectal manometric data from 12 female pa- 
tients with idiopathic colonic dysmotility and 6 healthy controls. A 
significantly higher maximum squeeze pressure is demonstrated in 
control patients (n = 6) compared with those with dysmotility. Asterisk 
indicates P<.05. 


tion of the external anal sphincter. Finally, to estimate rectal capaci- 
ty, the balloon was slowly inflated to the maximum volume tolerated 
by the patient. 


Transit Studies 


Colonic transit studies were performed in all patients using a 
modification of the technique described by Metcalf et al‘ and Watier et 
al.” Laxatives and enemas were discontinued for 7 days before the 
start of the study. All medications known to influence transit time, 
including anticholinergies, opioids, and tranquilizers, were also dis- 
continued. Standard radiopaque 16F nasogastric tubes were cut into 
20 small pieces so that 5 pieces fit into each of four gelatin capsules. 
Patients ingested the eapsules and underwent daily abdominal roent- 
genograms for up to 7 days. Previous work suggested that healthy 
subjects pass more than 80% of markers by 5 days and all markers by 
7 days.*”” In these studies, the mean (+ SEM) mouth-to-anus transit 
time of radiopaque markers has been shown to be 53.3 +3.7 hours, 
with a mean colonic transit time-of 35 + 2.1 hours.’ For the purpose of 
this study, an abnormal transit study result occurred when any 
markers were retained in the colon after 7 days. Right- or left-sided 
arrest was determined by assessing the location of the majority of 
retained markers at 7 days. 


Other Tests 


All patients underwent flexible sigmoidoscopy before surgery. 
Four patients underwent preoperative barium enemas. Three pa- 
tients underwent preoperative rectal biopsies. 


Operation Performed and Follow-up 


All patients underwent total abdominal colectomy with ileoproc- 
tostomy. In two of the patients who had previously undergone seg- 
mental colectomy, the operation was a completion subtotal colec- 
tomy. In each ease the ileorectal anastomosis was performed 
immediately below the peritoneal reflection in an end-to-end fashien 
using a circular intraluminal stapler. Postoperatively, the patients 
were evaluated at 1, 6, and 24 months for daily and nocturnal bowel 
movement frequency, consistency, leakage, and overall satisfaction. 


Pathologic Findings 
All specimens were evaluated by microscopic examination using 
standard hematoxylin-eesin stains. Some of the samples were also 
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Fig 2.—Rectal capacity of patients with colonic dysmotility compared 
with a control population. No difference is noted between the groups. 


analyzed using silver staining of neurons with particular attention 
paid to the myenteric plexus of the muscular layer. ' 


Statistics 


Summary values in the text are expressed as mean (+SEM). 
Unpaired Student's ¢ tests or analysis of variance was used for 
comparison between groups. P<.05 was considered significant. 


RESULTS 
Anorectal Manometry 


Results of anorectal manometry are displayed in Fig 1. No 
difference between constipated patients and controls was 
noted in mean resting pressure (68.7 + 5.0 mm Hg vs 70 +2.8 
mm Hg, respectively; not significant) or basal squeeze value 
(56.5+5.0 mm Hg vs 63.6+6.0 mm Hg, respectively; not 
significant). However, maximum squeeze pressure was nota- 
bly lower in patients with colonic dysmotility than in controls 
(119+7.1 mm Hg vs 204+2.9 mm Hg, respectively; P<.05). 
There was no difference between the maximum rectal capaci- 
ty of the two groups (206+ 25 mL vs 202 + 26 mL;not signifi- 
cant) (Fig 2). 

Similarly, no difference was noted between the resting 
length of the anal sphincter in the patients with dysmotility 
(3.2 +0.3 em) compared with controls (3.4 + 0.2 em; not signif- 
icant). Eleven of 12 patients exhibited the rectal inhibitory 
reflex, which was observed in all of the healthy control sub- 
jects. The single exception failed to demonstrate internal anal 
sphincter relaxation after 280 mL of rectal distention. 


Transit Studies 


All patients demonstrated retention of radiopaque markers 
within the colon on abdominal roentgenograms 7 days after 
ingestion (Fig 3). In three patients, retained markers were 
located predominantly on the right side, in five patients the 
markers were located on the left side, and in four patients 
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Fig 3.—Top, Abdominal roentgenogram on day 7 of a colonic transit 
study in a 34-year-old patient with colonic dysmotility. Tris patient 
averaged 2 to 4 weeks between bowel movements. A large amount of 
stool is noted in the midpelvis. At 7 days, 8 of the original 20 radi- 
opaque markers are still present in the right side of the colon, and 3 in 
the left side of the colon (arrows). She was considered to have 
experienced right-sided colonic arrest. Bottom, Abdominal roentgeno- 
gram on day 7 of the colonic transit study in a 52-year-old patient. 
Average interval between bowel movements was 10 days. At 7 days, 
11 markers were distributed at the splenic flexure and left-sided 
transverse colon, and 5 were on the right side. She was considered to 
have experienced left-sided colonicarrest. 
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Fig 4.—Mean (+SEM) stool frequency before and after subtotal 
colectomy and ileorectal anastomosis for idiopathic colonic dysmotility 
in 12 patients. Average number of stools per week before operation 
was 0.8 + 0.2 and was increased after surgery. At 2 years postopera- 
tively. stool frequency stabilized at 17 +3 stools per week. Asterisk 
indicates P<.005 vs before the surgery. 


insufficient markers were retained to localize an anatomic site 
of marker arrest. 


Contrast Studies 


Of the four patients undergoing preoperative barium en- 
ema, three demonstrated marked redundancy of the colon. 
No other pathologic results were seen. 


Operative and Histologic Findings 


A dilated, redundant colon was observed at operation in 
eight patients. Standard histologic examination of the speci- 
mens was unremarkable (33% showed melanosis coli). Silver 
staining, however, showed decreased numbers of argyro- 
philic neurons in the myenteric plexus with occasional vacuo- 
lated spaces indicating missing neurons. Also, the number of 
axons was markedly decreased from normal, suggesting axo- 
nal degeneration. These findings have been suggested to be 
pathognomonic for primary colonic dysmotility in patients 
with severe idiopathic constipation.’ Meanpostoperative hos- 
pital stay was 9.9+ 1.0 days. One patient experienced a self- 
limited partial small-bowel obstruction after surgery. There 
was no operative mortality, and no other major morbidity 
occurred. 


Functional Results 


The frequency of stools in the study group is shown in Fig 4. 
Whereas no patient had a bowel movement on a daily basis 
before the operation, all of the patients had daily bowel move- 
ments after operation. Daily stool frequency was 3.9+ 1.1 
stools per day at 1 month and 2.7+0.4 stools per day at 24 
months (not significant). Only 1 patient experienced occasion- 
al nocturnal stools (two to three nocturnal stools a week) at 24 
months. Although 5 patients used opioid antidiarrheal medi- 
cations during the first postoperative month, none were using 
such medications at 24 months. Three other patients adhered 
to a high-fiber diet 24 months after the operations. At that 
time, 2 patients experienced occasional minor leakage and 
soiling of undergarments, but neither wore pads. Nine pa- 
tients described their stools as being well formed, and 3 
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described them as soft; no patient complained of liquid stools. 
At 24 months postoperatively, there was no correlation be- 
tween stool consisteney and leakage, nocturnal stools, or use 
of dietary modification. Patient satisfaction at 24 months was 
described as excellent in 11 patients and good in 1 patient. 
Late clinical results are summarized in the following 
tabulation: 


Variable No. (%) of Patients 
Nocturnal stools 1(8) 
Minor leakage 2(17) 
Anticonstipant medication use 0(0) 
Stool consistency 

Formed 9(75) 

Soft 3 (25) 

Liquid 0(0) 
Patient satisfaction 

Excellent 11 (92) 

Good 1 (8) 

Poor 0 (0) 


COMMENT 


Although colonic resection is utilized in the management of 
patients with colonic dysmotility,’ at present there is no 
standardized preoperative assessment and operative treat- 
ment. Martelli et al’ noted in 1978 that severe idiopathic 
constipation was often secondary to a colonic or anorectal 
derangement, ie, either due to a defect in colonic transit or 
due to outlet obstruction. In their study, operation directed 
exclusively to the anorectal region (such as myomectomy) 
was not uniformly successful, and patients with delayed tran- 
sit of radiopaque markers were noted to have a worse out- 
come than those with abnormal anal manometry findings. 
Lane and Todd’ proposed surgical resection of the colon for 
constipation due to idiopathic megacolon and noted that suc- 
cess depended on the use of subtotal colectomy. Rectal biopsy 
was used in this study to rule out patients with Hirsch- 
sprung’s disease. 

We reported herein a standardized method of preoperative 
evaluation of patients with severe idiopathic constipation 
using colonic transit studies and anorectal manometry. Pri- 
mary colonic dysmotility was defined in our study as delayed 
colonic transit of radiopaque markers and the presence of an 
intact rectal inhibitory reflex by manometry. The latter effec- 
tively rules out Hirschsprung’s disease as a cause of outlet 
obstruction and obviates the need for routine rectal biopsy.** 
Even if performed on a routine basis, a rectal biopsy may not 
accurately diagnose Hirschsprung’s disease in adults.” Once 
the diagnosis of primary colonic dysmotility was made, subto- 
tal colectomy and ileorectal anastomosis were performed with 
satisfactory results. 

Other diagnostic modalities are available for the evaluation 
of patients with colonic dysmotility. Barium enema, although 
easy to perform and readily available, has been shown to add 
little to the evaluation of chronic constipation. ™” Indeed, the 
preoperative barium enemas performed in a subgroup of our 
patients did not alter diagnosis or surgical management. All 
patients in this study, however, underwent endoscopic ex- 
amination before surgery, which effectively ruled out any 
primary colonie neoplasm as a source of symptoms. 

Cinedefecography is an important new tool in the evalua- 
tion of patients with ehronic constipation.’ It is useful in 
measuring defecation-induced changes of the anorectal angle 
and assesses the extent of perineal descent or the develop- 
ment of rectal intussusception during defecation.’ Abnormalli- 
ties of these values may cause rectal incontinence or rectal 
prolapse, or lead to outlet obstruction. At present, the role of 
these variables in the cause of constipation is still being 
assessed. Although we did net use it during the time of the 
study, our current protocol utilizes cinedefecography as part 
of the evaluation of cclonic dysmotility. 
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Our data allow insight into the pathophysiologic character- 
istics of primary colonic dysmotility. We have histologically 
demonstrated, using silver staining techniques, that a specif- 
ic neural abnormality exists in these patients, as shown by 
decreased myenteric plexus argyrophilic neurons and axonal 
degeneration. These abnormalities of the colonic myenteric 
plexus have been associated with severe idiopathic constipa- 
tion.’ Therefore, the colonic dysmotility observed in our pa- 
tients is a distinct disorder associated with identifiable patho- 
logic characteristics in the neuronal elements of the colon. 

The anorectal manometric studies used in this study dem- 
onstrated normal anal sphincter basal function (resting pres- 
sure, sphincter length) in patients with primary colonic dys- 
motility. This is in agreement with other reported cases of 
severe constipation. Watier et al’ and Read et al,“ howev- 
er, measured increased resting anal pressure in patients with 
colonic inertia while the rectal inhibitory reflex was main- 
tained. We noted a significant decrease in maximum squeeze 
pressure of the external anal sphincter compared with pres- 
sure in the control group, a trend that has been noted in other 
studies as well.“ 

No difference in rectal capacity was noted between groups 
in our study. Shouler et al”? have also shown no difference 
between the maximum tolerated volume of the rectum in 
chronically constipated patients compared with that in con- 
trols. Shouler and Keighley” and others,” however, have 
noted altered rectal sensation to distention in patients with 
chronic constipation. This value was not measured in our 
study. 

The colonic transit studies in the present study demon- 
strated that abnormal arrest of radiopaque markers can occur 
primarily in either the right or left colon. In normal subjects, 
the number of colonic markers observed on serial roentgeno- 
grams decreases exponentially in the right and left sides, 
sigmoid colon, and rectum.’ Retardation of this transit occurs 
in primary colonic dysmotility.*” Arrest in any region is 
possible. We noted a higher percentage of arrest to occur on 
the left side, which is in agreement with the findings of other 
investigators.” However, the variable location of arrest of the 
markers may explain why segmental resection of the colon 
has not been uniformly successful in the past.* In our patient 
population, two subjects had undergone failed left colectomy 
previously for constipation (without preoperative transit 
study). We believe that transit studies alone are not sensitive 
enough to delineate which segment of the colon is the cause of 
constipation. Left-sided arrest may be caused by either colon- 
ic dysmotility or by outlet obstruction. Anorectal manometry 
and cinedefecography in the future are therefore critical tests 
in the complete evaluation of these patients. Until better 
localization and documentation of segmental colonic motility 
is available, subtotal colectomy with ileorectal anastomosis is 
the procedure of choice for patients with normal anorectal 
manometry findings. Using this approach, we have demon- 
strated good or excellent results in all patients. 

Finally, with normal anorectal function, patients with se- 
vere primary colonic dysmotility treated with subtotal colec- 
tomy did not require either anticonstipation or antidiarrheal 
medications and had normal stool frequencies at 24 months 
postoperatively. All were satisfied with their results. We 
concluded that strict preoperative selection by both transit 
studies and anorectal manometry renders selection of pa- 
tients who are good operative candidates easier and improves 
the surgical outcome for patients with constipation due to 
severe idiopathic colonic dysmotility. 
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Discussion 


ROBERT E. ConDON MD, Milwaukee, Wis: Dr Becker and his 
colleagues have deseribed a group of 12 chronically constipated wom- 
en in whom colon transit time was prolonged but anorectal outlet 
function was normal. There was marked improvement in their stool 
frequency after subtotal colectomy and ileorectal anastomosis. These 
are important observations. Some caution is needed before generaliz- 
ing too broadly from these studies. The results obtained—a stool 
frequency of 2 to 3 per day—would have occurred after ileorectal 
anastomosis in any form of constipation, or in normal individuals. 

The thesis of this study is that more complete measurement of colon 
and anal motor function will lead to more precise diagrosis and 
therapy. I share the author's enthusiasm for functional studies but 
must point out that colon function was not measured in any detail in 
these studies. The only measure of colon function obtained was 
transit time. There are many reasons for delayed colon transit time, 
not all of which warrant colectomy. With this in mind, I have several 
questions. 

Did you obtain any direct measurements of colon motor function, 
such as electrical control activity frequency or power spectrum? Did 
you observe any abnormal phenomena, such as giant migrating con- 
tractions? Do you think such measurements would be useful in defin- 
ing disease? 

Were there any diabetics among your patients? It is now well 
established that diabetes may be associated with gut motor dysfunc- 
tion, presumably due to neuropathy, even in the absence of other 
secondary systemic manifestations. 

You reported that some patients had primarily right-sided and 
others had left-sided arrest of transit. To what extent are these 
observations regarding apparent localization of motor dysfunction 
possibly an artifact of markers caught in scybalous stool out of the 
mainstream, or some other similar mechanical event? It would help to 
sort out the issue if transit studies were repeated after thorough 
bowel evacuation. Do you have any information to clarify this issue? 

Your observation of ganglion cell deficiency in some of your pa- 
tients is potentially of great importance in defining disease. Would 
you consider biopsy, open or otherwise, an important preliminary 
step before resection? 

The only abnormality of outlet function in your anal manometry 
studies was diminished anal sphincter squeeze pressure. It is possible 
that this represents a disuse phenomenon in patients having less than 
one stool a week. What happened to squeeze pressure in your patients 
postoperatively? Did it improve as stool frequency increased, and if 
not, did persisting low squeeze pressure possibly play a role in 
postoperative incontinence? 

JACK L. GIBBS, MD, Canton, Ill: Last July I received a referral of a 
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patient from a gastroenterologist with a request to do a colectomy in 
the patient for relief of intractable constipation. No motility studies 
or anal manometry had been done, and I took a certain pleasure in 
pointing out the inappropriateness of the suggested treatment with- 
out the appropriate workup. Many general surgeons, it seems to me, 
are increasingly at the mercy of the gastroenterologist, particularly 
in the area of the more obscure disorders. 

The authors did mention that 38% of the patients had right-sided 
colonic arrest and 62% had a left-sided colonic arrest. I understand 
that a right-sided colonic arrest would require a total colectomy 
because of the inability to evaluate the left side of the colon, but if the 
right side of the colon motility is normal and dysmotility is pinpointed 
to the left side of the colon, why would a left-sided colectomy not be 
adequate treatment for that patient? 

Dr BECKER: I would certainly agree with Dr Condon that one must 
proceed with great caution in applying surgery to the treatment of 
constipation, and obviously the fact that we have performed this 
operation on only 12 patients in the last 4 years indicates that even 
with a specific academic and clinical interest in motility, we have been 
very, very cautious. 

We have not utilized myoelectric studies in these patients. These 
techniques have been used by others, including researchers in Dr 
Condon’s group, and have been of mixed value in further elucidation 
of this problem. A number of studies of different tests in patients with 
colonic dysmotility have been evaluated elsewhere. Myoelectric data 
derived from intraluminal suction electrodes demonstrated no abnor- 
mal patterns in patients with idiopathic constipation when compared 
with a control population. 

There were no diabetics in our population. They were all young 
women carefully screened for systemic or psychiatric disease that 
might result in colonic smooth-muscle dysfunction causing 
constipation. 

Regarding the transit studies, we know that this technique is 
rather crude, but it has been clinically useful and has been validated in 
a number of centers around the world, particularly by Dr Devroede of 
the Université de Sherbrooke, Québec, Canada. We utilized reten- 
tion of markers at 7 days as the criteria for an abnormal test result. Dr 
Devroede and others have shown that this is at least 2 SDs from 
normal, About 85% of patients will pass all markers by the fifth day 
after ingestion, but essentially all normal people will have passed all 
20 markers by day 7. Thus, by choosing the fairly stringent 7-day 
criteria for an abnormal test result, we think we have eliminated most 
of the test variability and artifact. Our patients did not have a bowel 
preparation before the start of the study, and whether that would 
introduce a positive or a negative artifact, I am not sure. 

The pathologic data component of our study I think is very interest- 
ing. The silver staining histologic technique has been used in similar 
patients with severe idiopathic constipation, and decreased and al- 
tered argyrophilic neurons and axons in the myenteric plexus have 
been found. Our findings were quite similar in a clinically similar 
patient population. 

Regarding anal manometry, the question was asked why the 
Squeeze pressure was depressed in our patients. Several other inves- 
tigators have reported decreased sensation of the rectum in patients 
with severe constipation. We did not specifically evaluate rectal 
sensation, and certainly the capacity of the rectum was similar to that 
of controls. It is quite possible that these patients were not respond- 
ing to the same extent as would healthy control patients and, there- 
fore, would have a decreased squeeze capaeity as a secondary 
phenomenon. 

We have performed preoperative and postoperative anal manome- 
try on patients undergoing colectomy with ileoanal anastomosis, and 
have found a marked increase in anal sphincter squeeze eapacity at 1 
year after ileoanal anastomosis. I suspect that we would observe 
similar changes in sphincter function in patients after ileorectal 
anastomosis. 

To answer Dr Gibbs, there were two patients who initially had 
sigmoid or left-sided colectomies in an attempt to remove selectively 
what was felt to be isolated segments of diseased left sideof the colon. 
While theoretically attractive, this approach failed. That has also 
been the experience elsewhere in patients who have had anything 
short of a subtotal or an abdominal colectomy. With better diagnostic 
techniques for looking at colonic transit or myoelectric technique, we 
might be better able to identify sites of defect. At this pomt, however, 
the state of the art is such that I think anything short of a subtotal 
colectomy is doomed to a high failure rate. 
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Contraindications: PRIVAXIN is contraindicated in patients who 
have shown hypersensitivity to any component of this product. 


Warnings: SERIOUS AND OCCASIONALLY FATAL HYPERSENSI- 
TIVITY (anaphylactic) REACTIONS HAVE BEEN REPORTED IN 
PATIENTS RECEIVING THERAPY WITH BETA LACTAMS. THESE 
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ANOTHER BETA LACTAM. BEFORE INITIATING THERAPY WITH 
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PREVIOUS HYPERSENSITIVITY REACTIONS TO PENICILLINS. 
CEPHALOSPORINS, OTHER BETA LACTAMS, AND OTHER ALLER- 
GENS. IF AN ALLERGIC REACTION TO ‘PRIMAXIN’ OCCURS, DIS- 
CONTINUE THE DRUG. SERIOUS HYPERSENSITIVITY REACTIONS 
MAY REQUIRE EPINEPHRINE AND CTHER EMERGENCY MEASURES. 


Pseudomembranous colitis has been reported with virtually all antibiotics, including PRI- 
MAXIN; therefore it is important to consider its diagnosis in patients who develop diarrhea in 
association with antibiotic use. This colitis may range in severity from mild to life threatening. 


Mild cases of pseudomembranous colitis may respond to drug discontinuance alone. In more 

severe Cases, management may include sigmoidoscopy, appropriate bacteriological studies, 

fluid, electrolyte, and protein supplementation, and the use of a drug such as oral vancomy- 

= as creas Isolation of thepatient may be advisable. Other causes of colitis should also 
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Precautions: Generai—CNS adverse experiences such as confusional states, myoclonic 
activity, and seizures have been reported during treatment with PRIMAXIN, especially when 
recommended dosages were exceeded. These experiences have occurred most commonly in 
patients with CNS disorders (e.¢., brain lesions or history of seizures) and/or compromised 
renal function. However, there have been reports of CNS adverse experiences in patients who 
had no recognized or documented underlying CNS disorder or compromised renal function. 


Patients with severe or marked impairment of renal function, whether or not undergoing 
hemodialysis, had a higher "isk of seizure activity when receiving maximum recommended 
doses than those with no impaisment of renal function; therefore, maximum recommended 
doses should be used only where clearly indicated (see DOSAGE AND ADMINISTRATION). 


Patients with creatinine clearances of <5 mL/min/1.73 m? should not receive PRIMAXIN 
unless hemodialysis is instituted within 48 hours 


For patients an hemodialysis. PRIMAXIN is recommended only when the benefit outweighs 
the potential risk of seizures 


Close adherence to the recommended dosage and dosage schedules is urged, especially in 
patients with known factors:that predispose to convulsive activity. Anticonvulsant therapy 
should be continued in patients with known seizure disorders. If focal tremors, myoclonus, or 
seizures occur, patients should be evaluated neurologically, placed on anticonvulsant therapy 
if not already instituted, and the dosage of PRIMAXIN re-examined to. determine whether it 
should be decreased or the antibiotic discontinued. 


As with other antibiotics, prolonged use of PRIMAXIN may result in overgrowth of nonsus- 
ceptible organisms. Repeated evaluation of the patient's condition is essential. If superinfec- 
tion occurs during therapy, appropriate measures should be taken. While PRIMAXIN pos- 
sesses the characteristic lew toxicity of the beta-lactam group of antibiotics, periodic 
assessment of organ system function during prolonged therapy is-advisable. 


Drug Interactions—Since concomitant administration of PRIMAXIN and probenecid results in 
only minimal increases in plasma levels of imipenem and plasma half-life, it is not recom- 
mended that probenecid be given with PRIMAXIN 


PRIMAXIN should not be mixed with or physically added to other-antibiotics. However, PRI- 
MAXIN may be administerediconcomitantly with other antibiotics, such as aminoglycosides. 


Carcinogenesis, Mutagenesis, Impairment of Fertility—Gene toxicity studies were performed 
in a variety of bacterial and mammalian tests /n vivo and jn vitro. The tests were: V79 mamma- 
lian cell mutation assay (PRIMAXIN alone and imipenem alone), Ames test (cilastatin sodium 
alone), unscheduled DNA synthesis assay (PRIMAXIN), and in vivo mouse cytogenicity test 
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Reproduction tests in male and temale rats were performed with PRIMAXIN at dosage levels 
up to 8 times the usual human dase. Slight decreases in live fetal body weight were restricted 
to the highest dosage level. No ather adverse effects were observed on fertility, reproductive 
performance, fetal viability growth, or postnatal development of pups. Similarly, no adverse 
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The Relationship of the 


Abdominal Aortic Aneurysm 


to the Tortuous Internal Carotid Artery 


Is There One? 


Dipankar Mukherjee, MD, FACS; John C. Mayberry, MD; Toshio Inahara, MD, FACS; James D. Greig, MD 


e During our investigation of the tortuous internal carotid 
artery in the presence of atherosclerosis, we noted a 44% 
incidence of abdominal aortic aneurysm. The incidence of 
abdominal aortic aneurysm in the adult population is 2% to 
4%, and the incidence in a group of patients with carotid 
atherosclerosis has been reported to be 10%. This supports 
an association between the tortuous internal carotid artery 
and the abdominal aortic aneurysm independent of other risk 
factors. We found no significant difference in sex, age, or 
other atherosclerotic risk factors between those patients with 
and those without an abdominal aortic aneurysm. This sug- 
gests the possibility of weakness of the arterial wall as a 
cause of tortuous internal carotid artery and abdominal aortic 
aneurysm in this group of patients. Better histologic and 
biochemical definition of this possible weakness is warranted. 
From a clinical standpoint, we feel that the high association 
of the two conditions should not be ignored; patients found 
to have a tortuous internal carotid artery should be investi- 
gated and followed up carefully for the presence or subse- 
quent development of aneurysmal degeneration of the aorta. 

(Arch Surg 1989;124:955-956) 


ET of the internal carotid artery has been a clinical 
curiosity for decades.: Embryologically, the internal 
carotid artery is derived from the third aortic arch and the 
dorsal aortic root. The internal carotid artery in the embryo 
is normally coiled. Straightening occurs only when the fetal 
heart and great vessels descend into the mediastinum. 
Therefore, in children, a tortuous internal carotid artery is 
not unusual, while in adults it is found to coexist with varying 
degrees of atherosclerosis. 3 

In their classic series of 1000 angiograms, Metz and 
associates’ found a 16% incidence of tortuosity in a population 
of patients with various cerebral symptoms. Tortuosity was 
seen in patients of all ages, four of whom were younger than 
10 years of age; however, 78% were older than 40 years of 
age. 

In a series of 853 carotid endarterectomies, we reported a 
3% incidence of tortuosity of the internal carotid artery.‘ 
These patients all had symptoms corresponding to the side 
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of the tortuosity and all underwent reimplantation proce- 
dures. Most of these patients had signifieant risk factors for 
atherosclerosis, including tobacco use, hypertension, associ- 
ated coronary artery disease, or peripheral vascular disease. 
We observed that ten (approximately 40%) of these 26 
patients had evidence of an abnormal aortic aneurysm noted 
either before or at the time of correction of the symptomatic 
tortuous internal carotid artery. The significance of this 
observation is all the more remarkable in light of the fact 
that the incidence of abdominal aortic aneurysm in the adult 
population is 2% to 4%,* and in a group of patients with 
carotid atherosclerosis without tortuosity it has been re- 
ported to be 10%.° Thus, there appears to be an association 
between the tortuous internal carotid artery and the abdom- 
inal aortic aneurysm beyond what one would expect from 
atherosclerosis alone. The purpose of this report is to discuss 
the significance of this finding in relation to the cause and 
risk factors of the tortuous internal carotid artery and the 
abdominal aortic aneurysm. 


MATERIALS AND METHODS 


The patient population we investigated has been previously 
described.’ Details of the history and physical examination, 
angiographic, and pathologie findings were analyzed. An aneurys- 
mal aorta was defined as that with a diameter greater than or 
equal to 3 cm® or twice that of the uninvolved aorta, as noted by 
physical examination, ultrasound, angiography, or size at resec- 
tion. In only one of our patients was physical examination the 
primary diagnostic modality. All other patients had confirmation 
by angiography, ultrasonography, or size at resection. The aneu- 
rysm sized only by physical examination was confirmed by at least 
two independent examiners. Since our initial investigation in 1983, 
one of the patients underwent abdominal aortic aneurysm resec- 
tion at another hospital and our next patient, referred with a 
tortuous internal carotid artery, also had an aneurysm. This brings 
our total to 12 (44%) of 27 patients. 

The Table depicts the characteristics of the 12 patients with both 
a tortuous internal carotid artery and an ameurysm. The average 
age at presentation of the tortuosity was 70 years. Only two patients 
were female. Three of the aneurysms were at the borderline of our 
size definition; however, two of these were defined by angiography, 
which may have underread the size of the aneurysm, and two had 
aneurysmal disease elsewhere. 

We compared risk factors for atherosclerosis using the x? method 
between those patinets with both tortuosity and an aneurysm and 
those patients without an aneurysm. There were no significant 
differences in age, smoking history, hypertension, coronary artery 
disease, or peripheral vascular disease. There-was a greater number 
of male subjects in the group with aneurysms, but, because of the 
small numbers, this was not statistically significant. 
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Patients With Tortuosity of the Internal Carotid Artery and 
an Abdominal Aortic Aneurysm 






Characteristics 


























Patient Diagnostic 
Age, y/Sex Size, cm Method Other 
74/M 12 Resection None 
Angiography Tortuous and 


aneurysmal aorta 
with iliac and right 
subclavian tortuosity 


Right common 
iliac aneurysm 
58/M Angiography Right 

popliteal aneurysm 

5/F Physical None 
examination 

5/F Angiograph None 

1 


3 
7 4-5 i 
7 3 i y 
7 4 i 

4.5 













70/M 3 Ultrasound 













70/M Resected None 
elsewhere 
76/M Angiography None 


COMMENT 


We have found a preponderance of abdominal aortic 
aneurysm in a group of patients with a tortuous internal 
carotid artery in the presence of atherosclerosis. If athero- 
sclerosis alone were thought to be the causative factor for 
aneurysmal degeneration of the abdominal aorta and tor- 
tuosity of the interanl carotid artery, a lower incidence of 
association between the two conditions would be expected. 
This raises some interesting thoughts regarding the etio- 
pathogenesis of the tortuous internal carotid artery and 
the abdominal aortic aneurysm, both of which are thought 
to be natural consequences of atherosclerosis.2*” Auerbach 
and GarfinkeF studied 1412 aortas at autopsy and found a 
strong association between smoking and extent of athero- 
sclerosis and an &1 preponderance of abdominal aortic 
aneurysm in smoxers vs nonsmokers. Thurmond and 
Semler® found that when compared with men with no other 
risk factors, aorta size as determined by ultrasound was 
greater inmen whosmoke and have hypertension (P<.025). 
Cabellon and associates® found an incidence of abdominal 
aortic aneurysm of 9.6% in patients with other atheroscle- 
rotic disease, mainly earotid. 

Others, however, have noted that the characteristics of 
the patient with abdominal aortic aneurysm are distinctly 
different from those of patients with stenotic or occlusive 
disease. Tilson and Stansel" found, in comparing patients 
requiring aortic bifurcation grafts for abdominal aortic 
aneurysm vs aortic ecclusive disease, that there was a 
remarkably higher number of men in the abdominal aortic 
aneurysm group and that the mean age of the patient with 
an aneurysm was a decade higher. They showed numerous 
other differences between the two groups, including life 
expectancy, distal disease, and graft thromboses. They 
found that occlusive disease due to atherosclerosis involved 
mainly the bifurcation, while aneurysm formation began 
at the infrarenal aorta. Martin" described two types of 
abdominal aneurysm, the dilating type and the stenotic 
type. The stenotic type was generally smaller in diameter 
and occurred in the presence of generalized peripheral 
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atherosclerosis. He also found a decade difference in aver- 
age age between these two groups as well as significant 


_ differences in cholesterol levels, Rh factor, and coronary 


artery disease. In eight years, none of his stenotic-type 
aneurysms enlarged. 

The dilating aneurysm was associated with minimal 
atheromatous changes. This type was described originally 
by LeRiche in 1925° and has subsequently been called 
“arteria magna et dolicho,” connoting aneurysmal dystro- 
phy of the media. These dilating aneurysms differed 
considerably from the stenotic or sclerosing variety, not 
only in their morphologic characteristics but also in their 
natural history, as is expressed in risk of rupture and 
thromboembolic and other complications. Observations 
such as these seem to indicate an inherent difference in 
the arterial wall of such patients, even though definitive 
differences in the histochemical and physical properties of 
these two types of aneurysms have not been reported. 

Tilson and Seashore” have commented on the genetics 
of the abdominal aortic aneurysm. They have found families 
in which an X-linked pattern of inheritance, or at least an 
autosomal mechanism with sex limitation, explains their 
high incidence of abdominal aortic aneurysm. They have 
also found deficiencies of copper concentrations and a 
deficiency of a molecule similar to that found in the 
pyridinoline linkages in the collagen of some patients with 
the dilating type of aneurysm compared with patients with 
atheresclerotic occlusive disease alone. "4 

From these studies, a case is made for a primary arterial 
wall defect leading to formation of tortuosity and aneu- 
rysms, with atherosclerosis as an associated risk factor, 
Our study tends to support this concept. In fact, the 
weakness in the arterial wall postulated in our group of 
patients may be a milder variant of the medial dysplastic 
conditicns involving multiple extracranial, peripheral, and 
visceral arterial aneurysms." 
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Venous Reconstruction for Iliofemoral Venous 


Occlusion Facilitated by Temporary 


Arteriovenous Shunt 


Long-term Results in Nine Patients 


Kenichiro Okadome, MD; Yoichi Muto, MD; Hiroshi Eguchi, MD; Akira Kusaba, MD; Keizo Sugimachi, MD 


è Innine patients with iliofemoral venous occlusion, venous 
reconstructions using a temporary arteriovenous shunt were 
performed by open thromboendvenectomy with autogenous 
vein patch angioplasty in four, expanded polytetrafiuoro- 
ethylene (ePTFE) bypass grafts (including two with external 
ring-supported ePTFE) in four, and Palma’s procedure in one 
patient. There was an adequate function in the reconstructed 
venous segments in two of four who underwent thromboend- 
venectomy and in all four with ePTFE bypass grafting for nine 
months to 13 years after surgery. In those with a temporary 
arteriovenous shunt, prepared to maintain patency of the 
reconstructec venous segments, blood flow through the shunt 
exceeded 100 mL/min, determined by an electromagnetic 
flowmeter. Postoperative shunt closure was readily facilitated, 
using a looping technique and a 2-0 nylon. The increased blood 
flow through the graft made feasible by the temporary ar- 
teriovenous shunt enhanced the patency of the reconstructed 
venous graft and hence there was an improvement in the 
affected limb. 

(Arch Surg 1989;124:957-960) 


| ge came athe surgery for iliofemoral venous occlusion 
has not been widely accepted because of the high 
incidence of reocclusion of the graft. However, there are 
patients with a severe long-term edema, venous claudica- 
tion, or stasis syndrome. 

Palma and Hsperson’ reperted that the crossover 
saphenous vein bypass for femoroiliac venous occlusion was 
an effective surgical procedure. Although the use of autog- 
enous vein graft is generally recommended for venous 
reconstruction as well as for arterial reconstruction, size 
of the available saphenous vein is limited in many cases. 

In 1953, Kunlin’ reported the use of a temporary ar- 
teriovenous shunt to increase blood flow and to improve the 
patency of venous grafts, and the beneficial effects of distal 
arteriovenous shunt in preventing venous occlusion have 
been demonstrated.” 

As little is known of the long-term results of venous 
reconstructions with a temporary arteriovenous shunt in 
patients with iliofemoral venous occlusion, we evaluated, on 
a long-term basis, the effectiveness of a temporary ar- 
teriovenous shunt for reconstructive venous surgery of the 
lower extremities. 
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PATIENTS AND METHODS 
Patients 


Four men and five women underwent venous reconstructions 
with a temporary arteriovenous shunt for iliofemoral venous 
occlusion from 1972 through 1985. All the surgery was done in the 
Second Department of Surgery, Kyushu University Hospital, 
Fukuoka, Japan, and in the Department of Surgery II, Ryukyu 
University Hospital, Naha, Okinawa (Table BD. 

On admission, all patients presented with intractable swelling or 
pain of the entire leg, and the difference in cireumference between 
the involved and contralateral leg ranged from 4 to 6 em. The time 
interval between the onset of symptoms and the operation varied 
from three months to six years. The related cause of venous 
occlusion was due to appendicitis in three patients and to iliac 
compression syndrome, tumor of the ureter, and trauma in 
one patient each; the cause was unknown for three patients. The 
phlebogram showed complete obstruction of the left iliac vein in 
six, the iliofemoral vein in two, and the right iliac vein in one 
patient. 


Operative Procedure 


Open thromboendvenectomy with autogenous vein patch an- 
gioplasty was done for four patients and expanded polytetrafluoro- 
ethylene (ePTFE) crossover bypass, such as femoral-iliac, ilioiliac, 
or femoral-inferior vena cava, including two with external ring- 
supported ePTFE grafts, for four patients, and Palma’s procedure 
for one patient. 

As shown in Fig 1, thromboendvenectomy was performed as 
follows. The anterior wall of the occluded iliac vein was exposed 
through a peritoneal approach, and open thromboendvenectomy 
was carried out from the saphenofemoral juneture to the common 
iliac vein, including the distal portion of the inferior vena cava. 
Longitudinal autogenous vein patch angioplasty was then per- 
formed. An arteriovenous shunt was created in the H-shaped 
fashion, with insertion of a short segment of great saphenous vein 
between the femoral artery and the adjacent femoral vein distal to 
the reconstructed vein. A 2-0 monofilament nylon was loosely 
looped around the shunt. The two ends of nylon suture were passed 
through the fascia to a subcutaneous layer, where they were 
wrapped in a short segment of a Penrose drain, 1.5 emin length, for 
easy recovery at later closure. The Penrose drain was buried under 
the skin 2 to 3 cm medial to the vertical skin incision in the groin. 
The skin incision was closed in layers in the usual manner. At later 
closure and with the patient under local anesthesia, a skin incision 
was made over the Penrose drain, the nylon suture was freed, and 
the Penrose drain was removed. The nylon suture was tied tightly 
over the fascia until the thrill in the groin disappeared, and the 
skin was closed. It took about 15 minutes for closure of the shunt 
without any complication (Fig 2). 

A synthetic crossover bypass, using an ePTFE graft (Gore-Tex), 
was performed as follows (Fig 3). The femoral vein in the involved 
site was first exposed and an ePTFE graft, 8 mm in diameter, was 
anastomosed in an end-to-side fashion. The other side of the graft 
was then anastomosed to the contralateral femoral, iliac, or distal 
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\- Thromboendvenectomy 
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Shunt 


Fig 1.—Operative schema of thromboendvenectomy with auto- 
genous vein patch angioplasty using temporary arteriovenous 
shunt. 


Penrose Drain 


Arteriovenous 
Shunt 


2-0 Nylon 


Fig 2.—Looping technique for ready closure of temporary ar- 
teriovenous shunt. 
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Table 1.—Clinical Details of Patients With Venous Reconstruction Using a Temporary Arteriovenous Shunt 





Related Time From Onset Reason for Site of Difference in 
Case/Age, y/Sex Cause to Surgery, y Surgery Occlusion Circumference (Thigh), cm 
1/16/M Appendicitis 6 Swelling L iliac 4 
2/54/F Unknown 5 Swelling L iliofemoral 6 
3/66/F Unknown 6 Swelling and pain L iliac 5 
4/20/M \liac compression syndrome 3 mo Swelling L iliofemoral 4 
5/28/M Appendicitis 3 mo Swelling L iliac 4 
6/75/M Tumor of the ureter 6 Swelling R iliac 4 
7/39/F Trauma 4 mo Swelling and pain L iliac 5 
8/62/F Unknown 6 Swelling L iliac 5 
9/57/F Appendicitis 2 Swelling and pain L iliac 5 











Crossover ePTFE Bypass A 
(8 mm) 


Temporary 
Arteriovenous 
Shunt 





Fig 3.— Operative schema of crossover expanded polytetrafluoro- 
ethylene (ePTFE) graft bypass with temporary arteriovenous 
shunt. 


portion of the inferior vena cava in an end-to-side fashion. The graft 
was passed through a supracutaneous tunnel over the pubis. An 
arteriovenous shunt was created between the femoral artery and 
the adjacent femoral vein, with the use of a short segment of the 
great saphenous vein. A 2-0 monofilament nylon was also loosely 
looped around the shunt for subsequent easy closure, as described 
above. Postoperative anticoagulant medication (warfarin sodium) 
was prescribed for all patients for as long as the reconstructed 
vein was considered patent. 
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Table 2.—Clinical Results of Venous Reconstructive Surgery Using a Temporary Arteriovenous Shunt* 


Site of 
Occlusion 


L iliac 
L iliofemoral 
L iliac 
L iliofemoral 
L iliac 
R iliac 
L iliac 
L iliac 
L iliac 


Procedure 


—_ 


Open TEV 

Open TEV 

Open TEV 

Open TEV 

llioiliac bypass (ePTFE) 
Femoral-IVC bypass (ringed ePTFE) 
Femoral-iliac bypass (ePTFE) 
Femoral-iliac bypass (ringed ePTFE) 
Palma's operation 


Oro int Di al; AJOJN 





Postoperative 
Medication 


Warfarin sodium 
Warfarin 
Warfarin 
Warfarin 
Warfarin 
Warfarin 
Warfarin 
Warfarin 
Warfarin 


Patency 
Patentt 
Patentt 
Occludedt 
Occludedt 
Patenttt 
Patentt 
Patentt 
Patentt 
Occludedt 


Follow-up 


R 


© 


A 
< 


Q/@]« w 
-JEI DE DEE 


*L indicates left; R, right; TEV, thromboendvenectomy with autogenous vein patch angioplasty; IVC, inferior vena cava; ePTFE, expanded polytetra- 


fluoroethylene. 
tPatency was documented by phlebogram. 
$¢Patency was documented by radionuclide study. 


Table 3.—Correlation Between Patency of Graft 


and Flow Rate of Temporary Arteriovenous Shunt* 





Shunt 
Shunt Flow, Closure, 
Ca Procedure mL/min POD Patency 


se 
(ePTFE) 
81 


6 Femoral-IVC bypass 


(ringed ePTFE) 


270 Patent 


7 Femoral-iliac bypass 200 7mo Patent 
(ePTFE) 
8 Femoral-iliac bypass 160 2 mo Patent 


(ringed ePTFE) 


9 Palma’s operation 100 31 Occluded 


*TEV indicates thromboendvenectomy with autogenous vein patch an- 
gioplasty; IVC, inferior vena cava; ePTFE, expanded polytetrafluoro- 
ethylene; and POD, postoperative days. 


Follow-up 


Patency of the graft was checked by contrast or radionuclide 
phlebography. Contrast phlebography was performed in the early 
postoperative period (six cases), at shunt closure (four cases), and 
when graft thrombosis was suspected (two cases). 

Follow-up contrast phlebograms were obtained in cases 1, 2, 5, 
and 6 after 3, 4, 2, and 2 years, respectively. Radionuclide phlebog- 
raphy using technetium Tc 99m albumin was performed in cases 
5, 7, and 8 at 12, 14, and 8 months after the surgery, respectively. 
Throughout the entire follow-up, in all cases contrast phlebogram 
was performed when there were clinical signs of recurrence of 
iliofemoral venous occlusion. 


RESULTS 
Patency of the Reconstructed Vein 


The early postoperative course was uneventful, with a 
rapid decrease of leg swelling in all cases. Of four throm- 
boendvenectomized segments, two remained patenz 12 and 
13 years, respectively. Two other segments were occluded 
38 days or nine months after surgery, respectively. All of 
four grafts of crossover ePTFE bypasses were patent one 
to four years postoperatively. In the one patient treated 
with Palma’s operation, occlusion occurred ten months 
postoperatively (Table 2). 
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Fig 4.—Radionuclide phlebogram eight months after operation 
shows well-functioning crossover expanded polytetrafiuoroethyl- 
ene graft bypass (arrow). 


Correlation of the Patency of the Reconstructed 
Segment With Flow Rate of the Shunt 


Intraoperative measurement of the blood flow through 
the shunt was performed with an electromagnetic flow- 
meter, in all cases (Nihon Koden MF-27). As shown in Table 
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3, thromboendvenectomized segments in patients 1 and 2 
with a shunt flow exceeding 100 mL/min showed a good 
patency. On the contrary, occlusion occurred in patients 3 
and 4 with a shunt flow of less than 100 mL/min. In patient 9, 
who was treated with Palma’s operation and had a shunt 
flow of 100 mL/min, occlusion also occurred. 

Four crossover ePTFE bypasses with a good patency 
showed a flow rate of the shunt within the range from 160 to 
270 mL/min. 

In no case was there an enlargement of the heart or 
increase in heart rate postoperatively, and there was no 
definite correlation between the date of shunt closure and 
patency of the reconstructed segment. 

The following case illustrates a successful application of 
this procedure, using an ePTFE graft. 


REPORT OF A CASE 


A 62-year-old woman was admitted for treatment of swelling of 
the left lower leg (case 8). At the time of admission, the circum- 
ference of the left midthigh was 5 cm greater than the right one, 
and the preoperative phlebogram showed complete obstruction 
localized at the left iliac vein, with some collaterals. The femoral 
vein was intact. Femoral-iliac crossover bypass using an external 
ring-supported ePTFE graft, 8 mm in diameter, with a temporary 
arteriovenous shunt was performed on June 10, 1985. Blood flow 
of the bypass increased from 340 mL/min before shunting to 
500 mL/min after shunting; thus shunt flow was 160 mL/min. At 
the time of discharze, 20 days after the surgery, a phlebogram 
revealed a functioning bypass. The shunt was closed two months 
after the surgery. Eight months after the surgery, the radionuclide 
phlebogram also showed a well-functioning bypass (Fig 4). The 
reconstructed bypass has been functioning well, with no difference 
in the circumference between the bilateral lower limbs for the 17 
months up to this writing. 


COMMENT 


Reconstructive surgery for iliofemoral venous occlusion 
of the lower extremity has been discouraging because of the 
high incidence of reocclusion of the venous graft. Low 
driving pressure and blood flow velocity through the recon- 
structed venous segment or bypass appear to be major 
causes of late graft failure.”® 

In 1953, Kunlin® introduced the use of a temporary 
arteriovenous shunt to increase blood flow and improve 
patency of the venous grafts. Investigations supportive of 
the beneficial effects of the temporary arteriovenous shunt 
were reported.**® Long-term clinical results of venous recon- 
structions, as related to the usefulness of a temporary 
shunt, have rarely been reported. Eklof et al’ described the 
results of 56 months’ follow-up of patients who underwent 
venous reconstructions with a temporary arteriovenous 
shunt. They showed a 30% long-term patency rate of ePTFE 
crossover bypass. In their study, an analysis of intra- 
operative flowmetrie study was apparently not made. 

From the results of the present study, it was of particular 
interest that the long-term patency of the ePTFE crossover 
bypass was greater than that of the thromboendvenecto- 
mized segment (100% vs 50%). In all with an ePTFE cross- 
over bypass, a flow rate through the shunt exceeding 
100 mL/min could be obtained intraoperatively, in compar- 
ison with that of less than 100 mL/min in half the cases of 
a thromboendvenectomized segment. Thus, it was sug- 
gested that at least 100 mL/min of flow rate through the 
shunt was necessary to maintain long-term patency of the 
graft. Ijima et al’ stated that blood flow in the temporary 
arteriovenous shunt required to maintain vein graft pat- 
ency was within the range from 100 to 300 mL/min. 

As to the recommended time for closure of the shunt, 
there are various reports: three weeks by Steinman et al,” 
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four weeks by Sheinin and Jude,” and six weeks by Levin 
et al,* Ijima et al, and Eklof et al.’ In the present study, the 
interval from operation to shunt closure varied from 28 to 51 
days, with an average of 38 days in cases of thromboendven- 
ectomized segments, whereas the interval was from 40 to 
210 days, with an average of 98 days in those with an 
ePTFE bypass. 

If an autogenous vein with a suitable diameter is not 
available, then the ePTFE graft is the choice for venous 
reconstruction. Soyer et al" replaced the vena cava with an 
ePTFE graft and obtained excellent results. Other studies 
using ePTFE grafts supported the benefits of a temporary 
arteriovenous shunt.” Clowes” reported satisfactory 
long-term results of an extra-anatomical bypass using a 
long ePTFE graft in a patient who had already undergone 
an arteriovenous shunt in the popliteal vessels, for hemodi- 
alysis. Gloviczki et al”? stated that an arteriovenous shunt 
decreased the platelet and fibrin deposition, leading to an 
early occlusion in ePTFE grafts, and the patency was 
excellent. Plate et al’ also demonstrated the usefulness of 
an arteriovenous shunt in overcoming failure of venous 
ePTFE prostheses. In our patients, the apparent advan- 
tages of using an ePTFE crossover bypass with a temporary 
arteriovenous shunt were (1) reduced operation time, (2) 
blood loss minimization, (3) ready acquisition of a satisfac- 
tory blood flow through the shunt, and (4) prevention of 
graft compression due to a healing process by reinforce- 
ment of the external ring. 

A looping (using a 2-0 nylon suture) around the shunt led 
to an easy closure, as surgical preparation is often difficult 
due to dense scar tissue around the shunt. Edwards” also 
reported a similar procedure for obliteration of the ar- 
teriovenous fistula by tightening a previously placed loop 
left in a subcutaneous position, using a button. 

We conclude that temporary arteriovenous shunt may be 
effective for the long-term maintenance of venous graft 
patency. 


References 


1. Palma EC, Esperson R: Vein transplants and grafts in the surgical 
treatment of postphlebitic syndrome. J Cardiovasc Surg 1960;1:94-107. 

2. Kunlin J: Le reestablissment de la circulation veineuse par greffe en 
cas d’obliteration traumatique ou thrombophlebitique. Mem Acad Chir 
1953;79:109-110. 

3. Levin PM, Rich NM, Hutton JE Jr, et al: Role of arteriovenous shunt 
in venous reconstruction. Am J Surg 1971;122:183-191. 

4. Hobson RW, Croon RD, Swan KG: Hemodynamics of the distal 
arteriovenous fistula in venous reconstruction. J Surg Res 1973;14:483-489. 

5. Scherck JP, Kerstein MD, Stansel HC Jr: The current status of vena 
cava replacement. Surgery 1974;76:209-233. 

6. Haimovici H, Hoffert PW, Zinicola N, et al: An experimental and 
clinical evaluation of grafts in the venous system. Surg Gynecol Obstet 
1970;131:1173-1186. 

7. Eklof B, Albrechtson U, Einarsson E, et al: The temporary ar- 
teriovenous fistula in venous reconstructive surgery. Int Angiol 1985;4: 
455-462. 

8. Ijima H, Kodama M, Hori M: Temporary arteriovenous fistula for 
venous reconstruction using a synthetic graft: A clinical and experimental 
investigation. J Cardiovasc Surg 1985;26:131-136. 

9. Steinman C, Alpert J, Haimovici H: Inferior vena cava bypass grafts. 
Arch Surg 1966;93:747-754. 

10. Sheinin TM, Jude JR: Experimental replacement of the superior vena 
cava: Effect of temporary increase in blood flow. J Thorac Cardiovasc Surg 
1964;48:781-789. 

11. Soyer T, Lempinen M, Cooper P, et al: A new venous prosthesis. 
Surgery 1972;72:864-872. 

12. Clowes AW: Extra-anatomical bypass of iliac vein obstruction: Use of 
a synthetic (expanded polytetrafluoroethylene) graft. Arch Surg 1980;115: 
767-769. 

13. Gloviczki P, Hollier LH, Dewanjee MK, et al: Experimental replace- 
ment of the inferior vena cava: Factors affecting patency. Surgery 1984;95: 
657-666. i 

14. Plate G, Hollier LH, Gloviezki P, et al: Overcoming failure of venous 
vascular prostheses. Surgery 1984;96:503-510. 

15. Edwards WS: A-V fistula after venous reconstruction: A simplified 
method of producing and obliterating the shunt. Ann Surg 1982;196:669-671. 


lliofemoral Venous Occlusion—Okadome et al 
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Esophageal Varices and Paraesophageal Veins 
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èe An improved radiographic classification of esophageal 
varices and paraesophageal veins was devised. Esophageal 
varices were divided into palisading and bar types. Para- 
esophageal veins were divided into intra-abdominal and tho- 
racoabdominal types, with the latter being further subdivided 
into right-side-predominant and left-side-predominant types. 
The existence of the thoracoabdominal paraesophageal veins 
was significantly related to the preoperative endoscopic find- 
ings of the red sign and the form of the esophageal varices. 
Left-side-predominant paraesophageal veins were likely to 
drain the splanchnic blood flow to the hemiazygos vein. The 
largest grade of red sign was found in 88.9% of the patients 
with combination of bar type and intra-abdominal type and 
the largest form was in 88.9% of those with palisading and 
right-side thoracoabdominal types. The pressure gradients 
across the shunt were significantly lower in the right thora- 
coabdominal type than in others. Our study suggests that 
treatment be designed according to the vascular patterns of 
the lower esophagus. 

(Arch Surg 1989;124:961-966) 


urgical'* and nonsurgical treatments® are prescribed 
for esophageal varices. Acute variceal bleeding can be 
effectively controlled, and the survival rate for acute 
bleeders, including Child’s type C patients, is significantly 
improved in those given endoscopic injection sclerother- 
apy.® Nevertheless, the rate of recurrence of esophageal 
varices and rebleeding remains high. This high rate of 
recurrence may be related to a scarcity of knowledge of 
the anatomical vasculature of esophageal varices. The 
presence of the paraesophageal vein may possibly be a 
relative factor; however, little is known of the functional 
relationship between the paraesophageal vein and esoph- 
ageal varices, as there are few reports’® on the vascular 
structure of lower esophageal varices. The usual vortogra- 
phy shows only a hazy view of the esophageal varices. 

We investigated radiographically the vascular anatomy 
of the lower portion of the esophagus in selective left 
gastric venography to obtain clues as to how to prevent 
the recurrence of esophageal varices and hence rebleeding. 


MATERIALS AND METHODS 


Forty-seven patients underwent selective left gastric venogra- 
phy one month after a left gastrie venacaval shunt” to confirm the 
patency of the shunt. They have been free from recurrence of 
esophageal varices for at least five years of follow-up. 
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The clinical records and the angiovenographic findings were 
reviewed. All patients had endoscopically or radiographically 
documented gastroesophageal varices and biopsy-proved liver 
cirrhosis or idiopathic portal hypertension. All were in Child’s 
class A or B on admission. Forty had a history of hematemesis 
from esophageal rupture, as confirmed by endoscopy: (1) active 
bleeding varices were present, (2) only the varices seemed to be 
the source of the potential bleeding, or (3) variceal bleeding was 
deemed highly likely by the pattern of bleeding in the presence of 
abnormality. The preoperative endoscopic findings of esophageal 
varices were classified according to the rules of the Japanese 
Research Society for Portal Hypertension." All patients had the 
moderate (F2) or largest (F3) form of esophageal varices with the 
red sign“ known as varices on varices. The left gastric venacaval 
shunt was performed electively or prophylactively. Portal vein 
pressure was measured using a transducer connected with a 
polyethylene tube introduced into the porta! vein trunk through a 
branch of the superior mesenteric vein. Selective left gastric 
venography was performed to check the patency of the shunt one 
month postoperatively after the left gastrie venacaval shunt. An 
angiocatheter was introduced through the femoral vein by Sel- 
dinger’s method into an autovein graft that had been interposed 
between the left gastric vein and the inferior vena cava, and a 
serial photograph was taken every second starting 5 s after 
injection of contrast medium. Twenty milliliters of the contrast 
medium was infused into the left gastric vein manually using a 
syringe, during a 10-s period. 

The pressure gradients across the shunt were calculated by 
subtracting inferior vena caval pressure from left gastrie venous 
pressure (measured in millimeters of water). The baseline was 
defined at the anterior surface of the second lumbar vertebra. 

The disappearance rate of the esophageal varices after the shunt 
surgery was classified into four grades: 0, no change; 1, slight 
change; 2, moderate change; and 3, marked change. 

Results were expressed as means + SDs er as medians (range). 
Statistical analyses were performed using the unpaired t test and 
the x? test. 


RESULTS 


Careful attention was directed to the lower portion of 
the esophagus in selective left gastric venography, and the 
radiographic findings were classified (Tig 1). 

The lower esophageal varices were classified into two 
types according to size of the varices. The esophageal 
varices arose from the gastroesophageal junction and 
extended orally for 3 to 5 em, where the small varices 
collected and formed several giant varives. 

In the palisading type (Fig 2), the lower esophageal 
varices are less than 2 mm in diameter and consisted of 
numerous small veins. This type was present in 22 (46.8%) 
of 47 patients. In the bar type (Fig 3), the lower esophageal 
varices are larger than 2 mm in diameter and consisted of 
a few dilated veins. This type was present in 25 (53.2%) of 
47 patients. 

The esophageal branch of the left gastric vein was 


Esophageal Varices—Hashizume et al 961 


Lower Esophageal Varices 


Palisading Type 


Paraesophageal Vein 


Intra-abdominal Type Right Side Type Left Side Type 
_ E E 


Thoracoabdominal Type 





Fig 1.—Angioarchitectural classification of esophageal varices and paraesophageal veins in left 
gastric venography. 


Fig 2.—Palisading type of esophageal varices and of giant varices. Paraesophageal veins are intra- 
abdominal type. 
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Fig 3.—Bar type of esophageal varices and giant varices. Paraesophageal veins are right-side- 
predominant thoracoabdominal type. 


Fig 4.—Right-side-predominant type of thoracoabdominal paraesophageal veins connected with 
giant esophageal varices. Esophageal varices are bar type. 
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Fig 5.—Left-side-predominant type of thoracoabdominal paraesophageal veins connected with left 
hemiazygos veins. Esophageal varices are bar type. 





Table 1.—Incidence of Patients With Largest Grade of 
Red Sign of Esophageal Varices in Angioarchitectural 
Patterns of Left Gastric Venography* 







No. (%) of Patients 









Palisading Bar 


Type of Type of 
Esophageal Esophageal 
Varices Varices 


5/11 (45.5) 8/9 (88.9) 






Total No. 
(%) 


13/20 (65.0)T 


Paraesophageal 
Vein 


intra-abdominal! 


Thoracoabdominal 
Right type 2/7 (28.6) 1/7 (14.3) 3/14 (21.4)t 


Left type e 0/2 0/2 


Total 7/18 (38.9) 9/18 (50.0) 16/36 (44.4) 


*The grade of red sign was classified into three types." The data show 
the incidence of patients with the largest grade of red sign. 
tP<.01. 


















Table 2.—lncidence of Patients With Largest Form of 
Esophageal Varices in Angioarchitectural Patterns of Left 
Gastric Venography* 


No. (%) of Patients 


Bar 


Type of 
Esophageal Total No. 


Varices (%) 
8/11 (72.7) 18/24 (75.0) 


Esophageal 


Varices 
10/13 (76.9) 


Paraesophaceal 
Vein 


Intra-abdominal 


Thoracoabdominal 
Right type 8/9 (88.9) 


Left type sine 1/4 (25.0) 1/4 (25.0) 
18/22 (81.8) 16/25 (64.0) 34/47 (72.3) 


*The form of esophageal varices was classified into three types." This 
table shows the incidence of patients with the largest form. 


7/10 (70.0) 45/19 (78.9) 
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classified into two types according to the existence of large 
paraescphageal veins perforating the diaphragm. Each 
type of paraesophageal vein was combined with a palisading 
or bar type of the esophageal varices, respectively. 

In the intra-abdominal type (Fig 2), the esophageal 
branch of the left gastric vein is not visualized above the 
diaphragm in the venography. The diameter of the para- 
esophageal vein is less than 2 mm. This type was present 
in 24 (51.1%) of 47 patients. 

In the thoracoabdominal type, the esophageal branch of 
the left gastric vein is well visualized above the diaphragm 
in the venography. The diameter of the paraesophageal 
vein is larger than 2 mm. This type was present in 23 
(48.9%) of 47 patients and was subclassed into two types: 
right side predominant, 18 cases (78.3%) (Fig 4); and left 
side predominant, five cases (21.7%) (Fig 5). 

In the right-side-predeminant type, the paraesophageal 
vein cemected with the collected esophageal varices and 
formed several giant varices 3 to 5 cm above the gastroe- 
sophageal junction. In some cases, one of the branches 
crossed the esophageal wall and connected with the left 
paraesophageal vein or hemiazygos veins (Fig 6). Con- 
versely, the left paraesophageal vein mainly connected 
with the hemiazygos vein instead of the esophageal varices 
(Fig 5). 

Compared with the preoperative endoscopic findings, a 
combination of the bar type of esophageal varices and the 
intra-abdominal type of paraesophageal vein was likely to 
have the most risky varices (Table 1), and there was a 
signifieant difference regarding the largest grade of red 
sign between the intra-abdominal and thoracoabdominal 
type of paraesophageal vein (P<.01). Patients with the 
palisadirg type of varices and the right paraesophageal 
vein were likely to have the largest form of esophageal 
varices (Table 2). The patients with left paraesophageal 
vein were likely to have a less risky and smaller form of 
esophageal varices than those of other types. 
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Fig 6.—Right-side-predominant type of thoracoabdominal paraesophageal veins crossed esopha- 
gus, and some branches connected with left hemiazygos veins. 


Table 3.—Pressure Gradients Across Shunt in 
Angioarchitectural Patterns of Left Gastric Venography* 


Pressure Gradient, mm H,O 


Palisading 

Type of Bar Type 
Esophageal of Esophageal Total 
Varices Sample 


83.8 + 45.0 107.6+50.1T 
(n=8) (n= 17) 


Paraesophageal 
Vein Varices 


128.9 +44.6 
(n=9) 


Intra-abdominal 


Thoracoabdominal 
Right type 55.0+ 20.2 


(n=7) 
88.0 + 50.0 
(n=5) 
74.8 + 42.3 
(n=20) 


*Pressure gradients are computed by subtracting inferior vena caval 
pressure from left gastric venous pressure. 
tP<.01. 


48.8 + 19.0 
(n=8) 


51.7+19.8f 
(n= 15) 


88.0 + 50.0 
(n=5) 


82.3+ 48.3 
(n=37) 


Left type 


91.2+53.1 
(n=17) 


Total sample 





The pressure gradients across the shunt were compared 
in the angiographic patterns, as shown in Table 3. The 
intra-abdominal! type showed significantly higher pressure 
gradients than did the right-side-predominant thoracoab- 
dominal type (P<.01). The palisading type was likely to 
have higher pressure gradients than the bar type. 

The disappearance rate of the esophageal varices is 
summarized in Table 4. There was no significant difference; 
however, the disappearance rate was less like_y in the 
palisading and intra-abdominal types, as well as in the bar 
and left-side-predominant types. 

There was no significant difference between these groups 
concerning portal vein pressure or liver function. The mean 
portal vein pressure was 314+69 mm H,O and the mean 
sulfobromophthalein sodium (Bromsulfalein) retention rate 
at 45 minutes was 21.1% + 8.6%. 
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Table 4.—Disappearance Rate of Esophageal Varices 
After Shunt Operation* 


Disappearance Rate 


Palisading 


Type of 
Paraesophageal Esophageal 
Vein Varices 


1.77 +0.80 
(n=13) 


Bar Type 
of Esophageal Total 
Varices Sample 


2.36 +0.77 2.04 + 0.84 
(n=11) (n= 24) 


Intra-abdominal 


Thoracoabdominal 
Right type 2.20+0.79 


(n=9) 


2.10+0.74 
(n=9) 


Left type 


1.91 =0.79 2.12 + 0382 
(n=22) (n=25) 


*The disappearance rate of the esophageal varices was classified into 
four grades: 0, no change; 1, slight change; 2, moderate change; 3, marked 
change. 


Total sample 


COMMENT 

From the evidence obtained in this detailed study, a new 
angioarchitectural classification of esophageal varices and 
paraesophageal vein could be made in cases ef selective 
left gastric venography. There are reports concerning 
portal perfusion or intra-abdominal eollateralization seen 
in the splenic portography” or percutaneous transhepatic 
portography"™; however, our analysis of the relationship 
between the esophageal varices and the paraesophageal 
vein in selective left gastric venography may De the first 
such report. 

There are three main routes of blood supply into the 
esophageal varices: left gastric, short gastric, and poste- 
rior gastric veins. The entire gastrie wall itself is also a 
source of blood flow, and significantly dilated venous vessels 
are present in the gastric wall of the patients with portal 
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hypertension. “ Our analysis concerned the left gastric vein 
route, but the angiovenography performed one month after 
the left gastric venacaval shunt was considered to represent 
the true anatomical vascular structure so far as the lower 
portion of the esophagus is concerned, as almost all vessels 
of the lower portion of the esophagus were left intact in 
our patients.” 

All the patients examined in this study had a patent 
shunt and were free from recurrence of esophageal varices 
for at least five years of follow-up. The endoscopy done one 
month after the operation revealed well-decompressed 
esophageal varices in all the patients, that is, the surgery 
was successful in all patients. However, angiegraphy done 
one month after the surgery showed evidence of esophageal 
varices extending cephalad from the left gastric vein. 
These should have been decompressed. Thus, the shunt 
operation does decompress the esophageal varices but does 
not obliterate them. 

The difference between the palisading and bar types is 
the diameter, with the more dilated varices being classified 
into the bar type. These vascular patterns are possibly 
caused by a stenosis at the esophageal hiatus of the 
diaphragm. Consequently, the stenosis leads to a resistance 
in the blood flow from the splanchnic area in those with 
portal hypertension, and the result is development of 
gastric varices and large collateral vessels along the esoph- 
ageal wall. The paraesophageal veins are required for 
drainage of the splanehnic blood flow and to some extent 
are related to the formation of giant varices. The right 
paraesophageal veins cross the lower portion of the esoph- 
agus 3 to 5 cm above the gastroesophageal junction. Some 
of the branches connect with the giant varices and others 
connect with the left paraesophageal veins or left hemia- 
zygos veins. The left paraesophageal veins connect mainly 
with the hemiazygos vein instead of the esophageal varices. 
Thus, the right paraesophageal veins are more closely 
related to size of the esophageal varices. Such an anatomical 
relationship would account for a decrease in the pressure 
gradients across the shunt in patients with right parae- 
sophageal veins. 

It is clinically pertinent to determine whether patients 
with varices have thoracoabdominal paraesophageal veins 
perforating the diaphragm. The existence of the thora- 
coabdominal paraesophageal veins is highly related to the 
red sign as well as to the form of the varices." When the 
thoracoabdominal paraesophageal veins are not well devel- 
oped, that is, in the intra-abdominal type, the lower 


esophageal varices are significantly and highly associated 
with the red sign, especially in the bar type. This might 
relate to evidence that patients with the intra-abdominal 
type have higher pressure gradients across the shunt. Our 
results are also compatible with findings in a morphological 
study by Kitano et al.’ They reported that typical large 
esophageal varices arose from the main trunks of the deep 
intrinsic veins that directly communicated with the gastric 
varices, The varices they described belong to the bar type 
of the esophageal varices, in our present classification. 

Conversely, the right paraesophageal veins are highly 
likely to form giant varices, especially coupled with the 
palisading type. Noda’ reported that esophageal variceal 
rupture frequently occurs at the oral site of the palisading 
vessels, called the critical area. This is the area where 
small palisading or bar-type esophageal varices tend to 
accumulate. There is a venous connection with the thora- 
coabdominal paraesophageal veins, and several giant vari- 
ces form. Beppu et al’ reported that signs of risk, including 
blue varices of a moderate size, red wale marking, cherry- 
red spot, and hematocystic spot, were indicative of an 
impending variceal rupture. These two reports indicate 
that the lower esophageal varices with the red sign and 
the giant varices located at the critical area are most likely 
to bleed. 

In the selective shunt operation, the effectiveness for 
decompression of the esophageal varices was mainly noted 
in the bar type or in the right paraesophageal type or both, 
while it was less in the palisading and intra-abdominal 
types. Therefore, left gastric vena caval shunt should not 
be done for the last type. Conversely, it is necessary to 
completely obliterate the lower esophageal varices during 
endoscopic injection sclerotherapy to eradicate the varices. 
Moreover, these venous communications are partly respon- 
sible for recurrence of the varices.” The sclerosant has to 
be injected from the gastroesophageal junction to the 
critical area if one is attempting to obliterate blood flow to 
the esophageal varices. In our clinics, when the esophageal 
mucosa had been removed and a superficial ulcer had 
formed, episodes of recurrent bleeding or recurrence of 
esophageal varices were nil over a median follow-up of 14.6 
months, with a range of one to 27 months.* 

Our study suggests that treatment regimens for esoph- 
ageal varices be designed according to the vascular pat- 
terns of the lower portion of the esophagus. 


M. Ohara provided critical comments. 
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Plasma Polymerized Tetrafluoroethylene/ 


Polyethylene Terephthalate Vascular 


Prostheses 


Howard P. Greisler, MD; James W. Dennis, MD; Thomas H. Schwarcz, MD; 


John J. Klosak, MD; Joan Ellinger; Dae Un Kim, MD 


è Tetrafluoroethyiene (TFE) was discharged onto woven 
polyethylene terephthalate (PET) prostheses, and the PET 
prostheses (50 mm long) with or without TFE were implanted 
into canine carotid arteries and aortas. Additional controls 
included polytetrafluoroethylene and Dacron. Specimens were 
explanted after one to 12 months, photographed, and sec- 
tioned for light and scanning and transmission electron 
microscopy, and thrombus-free surface areas calculated by 
computerized planimetry. Results showed no significant pat- 
ency differences among carotid or aortic groups. However, 
both PET carotid groups had significantly greater thrombus- 
free surface areas. Histologically, both PET groups appeared 
identical. An endothelialized neointima covered PET carotid 
specimens by six months, compared with three months in the 
aortic position, with greater pannus ingrowth in both PET 
groups. Plasma polymerized TFE offered no additional advan- 
tage in these long-term experiments. 

(Arch Surg 1989;124:967-972) 


he clinical efficacy of a small-caliber vascular prosthe- 

sis is dependent on blood and tissue interactions with 
the prosthetic device. The implanted biomaterial elicits a 
complex set of inflammatory, thrombotic, and regenerative 
reactions that are determined by the material’s chemical 
composition, compliance, porosity, surface texture, and 
electronegativity. The tissue reactions in turn modify each 
of these characteristics. Recent studies have suggested 
theoretical biocompatibility advantages of polytetrafluor- 
oethylene (PTFE) as compared with Dacron. When im- 
planted into baboon carotid arteries, Dacron grafts accu- 
mulate indium I[II-labeled platelets almost immediately 
after their injection and to a significantly greater extent 
than do PTFE implants,' suggesting a relative thrombo- 
resistance to PTFE. Such platelet-prosthesis interactions 
are central to the problem of graft thrombosis and perhaps 
to pseudointimal hyperplasia as well. Other studies have 
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suggested an active inhibition of cellular regenerative 
potential by Dacron not shared by PTFE? and an activation 
of both classic and alternative pathways of complement by 
Dacron and not by PTFE.? 

New technologies permit the modification of surface 
composition without alteration of a material’s bulk proper- 
ties. By means of radio frequency plasma discharge tech- 
niques, a gaseous monomer can be electrically discnarged 
and the resultant active species covalently bound to the 
surface of another material.‘ This results in a compound 
with the bulk properties of one material and the surface 
properties of another. With this technique, tetrafluoro- 
ethylene (TFE), the monomer of PTFE, has been dis- 
charged onto polyethylene terephthalate (PET), resulting 
in such a compound biomaterial. 

In this study we evaluated the gross, histologic, and 
ultrastructural reactions to and thrombus-free surface 
areas within such compound PET + TFE (Atrium Medical, 
Hollis, NH) prostheses compared with both nondisc1arged 
but similarly woven PET prostheses as well as PTFE 
(Gore, Flagstaff, Ariz) and Dacron (USCI Ward Knit 
Bioknit II Exs; CR Bard, Billerica, Mass) prostheses in 
canine carotid and aortic models. Dacron is a defined 
configuration of PET. 


MATERIALS AND METHODS 


Sixty-six vascular prostheses were interposed into canine ca- 
rotid arteries (48) or aortas (18) (Table 1). All carotid implants 
measured 50 mm in length, with a 4-mm inner diameter, while 
aortic implants measured 50 mm in length with a 6-mm inner 
diameter. Carotid prostheses included a prototype of the commer- 
cially available TFE prosthesis in which TFE monomer is plasma 
discharged onto woven PET (PET+TFE) and externally sup- 
ported by a polypropylene spiral (n=14). An identical group of 
PET prostheses from the same production lot but without the 
TFE coating (PET -— TFE) served as the controls (n=14). These 
two groups had identical water porosities (100 mL/cm?/mm at 120 
mm Hg). Additional controls included commercially evailable 
PTFE prostheses (n=10) and knitted externally supported Da- 
cron prostheses (n=10). Eighteen additional dogs underwent 
aortic replacements including seven with the PET + TFE prosthe- 
ses, seven with the PET—TFE control prostheses, and feur with 
Dacron prostheses. 
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Table 1.—I!Implantation and Explantation Data* 


No. of Prostheses by 
Explantation Time, mo 


Site of 
Implantation 
and Type of 

Prosthesis 6 
Carotid 
PET+TFE 


PET —TFE 
PTFE 
Dacron 


Aorta 
PET+TFE 


*PET indicates polyethylene terephthalate; TFE, tetrafluoroethylene; and 
PTFE, polytetrafluoroethylene. 


Adult mongrel dogs weighing 20 to 30 kg were anesthetized 
with intravenous thiamylal sodium and underwent endotracheal 
intubation; anesthesia was maintained with 50% nitrous oxide, 1% 
halothane, and oxygen. Preoperative and postoperative 500-mg 
doses of cefazolin sodium were administered intravenously, and 
fluid was replaced with intravenous normal saline solution (500 to 
1000 mL). All surgery was performed with sterile technique. 

For carotid interpesitions, midline incisions were made, the 
sternocleidomastoids were retraeted laterally, and both carotids 
were isolated. Carotid artery flow rates were recorded by electro- 
magnetic flowmetry with 3- and 4-mm probes. After resection of 
an identical 50-mm length of artery, prostheses were interposed 
by means of a double end-to-end technique with continuous 5-0 
polypropylene suture. No prostheses were preclotted, and sys- 
temic heparin was not.administered. After release of the occluding 
vascular clamps, blood flow was again recorded. Animals receiving 
PET+TFE prostheses all had contralateral control PET- TFE 
prostheses randomly distributed between the right and left sides. 
The PTFE and Dacron controls prostheses were each implanted 
bilaterally. Hemostasis was meticulously obtained to avoid peri- 
graft hematomas. 

Aortie exposure was obtained through a midline incision. One 
or two pairs of lumbar arteries from the lower infrarenal aortas 
were ligated and divided, and the prostheses were interposed in a 
manner identical to that deseribed above. Again, preoperative and 
postoperative electromagnetic flowmetry was performed with 
appropriate-sized probes. 

Postoperatively, animals were maintained in accordance with 
established guidelines of the American Association for Accredi- 
tation of Laboratory Animal Care and received a standard diet 
and routine care until they were killed at times ranging from one 
to 12 months (Table 1). The prostheses were resected from the 
anesthetized animals while they were still alive. All specimens 
were opened longitudinally, examined grossly, and photographed 
for computerized plarimetry. Specimens were then fixed in 40% 
buffered formaldehyde or 2.5% glutaraldehyde solutions for mi- 
croscopy and stored at room temperature. 

For histologic analysis, specimens were divided into proximal, 
middle, and distal thirds, including the perianastomotic regions, 
and both longitudinal and cross sections were made. Slices were 
embedded in paraffin, and 5-~m sections were stained with 
hematoxylin-eosin. 

For transmission electron microscopy, longitudinal strips of 
explanted specimens were fixed in 2.5% purified glutaraldehyde 
in 0.1-mol/L cacodylate hydrochloride—buffered glutaraldehyde, 
postfixed in 1% osmium tetroxide buffered with 0.1-mol/L caco- 
dylate, and stained en bloc ir tannic acid as previously described.®° 
Specimens were dehydrated in graded alcohols and embedded in 
epoxy resin (Epon EM Bed 812 Electron Microseopy Sciences, 
Fort Washington, Pa), and 2.0-um sections were stained with 
toluidine blue and examimec by light microscopy te select appro- 
priate areas for ultrathin (70-nm) sectioning. These sections were 
stained on grids with lead citrate—uranyl acetate and examined 
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Table 2.—Thrombus-Free Surface Area and Patency Rates 
at Six Months* 


No. of Area, 


Prosthesest %(+SD) Stenosis Stenosis Occluded 


Group 


PET+TFE 10 
PET control 10 96.4 + 2.0} 
PTFE 10 69.2+3.7 
Dacron TE- 


Aorta 
PET + TFE 


PET control 


93.5 + 2.6 


93.4+4.7 
93.5+5.8 75 
100 


*PET indicates polyethylene terephthalate; TFE, tetrafluoroethylene; and 
PTFE, polytetrafluoroethylene. 

tAIl four carotid PET explants at 12 months were patent and were included 
as six-month patent specimens. 

$P<.01 vs PTFE group (Student's t test). 

§Planimetry was not performed in this group because of technical 
photographic difficulties. 

||Planimetry was performed on only one Dacron aorta explant because of 
technical photographic difficulties. 





with an electron microscope at 80 kV (model EM 109; Carl Zeiss 
Inc, Thornwood, NY). 

For seanning electron microscopy, strips of explanted specimens 
were fixed in 0.1-mol/L cacodylate hydrochloride—buffered 2.5% 
purified glutaraldehyde as previously described.*? Specimens 
were then divided into proximal and distal halves, with both 
portions including the subjacent normal aorta. These segments 
were then stained with tannic acid—osmium-—thiocarbohydrazine— 
osmium and dehydrated in graded alcohols. Specimens were then 
critical-point dried and carbon and palladium evaporated. Speci- 
mens were examined with a scanning electron microscope (model 
JSM-35; JOEL USA Electron Optics Division, Peabody, Mass). 

Computerized planimetry for thrombus-free surface area was 
performed on all patent specimens (Apple II-Plus computer, Apple 
II-Plusgraphics tablet, Apple, Coopertino, Calif). Planimetry was 
performed by three separate blinded observers, and results were 
averaged among them. 


RESULTS 


All dogs survived to the times of explantation shown in 
Table 1. No animal had evidence of graft infection, aneu- 
rysmai dilatation, or perigraft hematomas. 

Patency rates are shown in Table 2. Both PET carotid 
groups had greater patency rates than did the PTFE or 
Dacron controls, a trend not reaching statistical signifi- 
cance. The TFE plasma discharge treatment did not yield 
improved six-month patency data compared with the PET 
contral group. All four patent and nonstenotic PET + TFE 
specimens were explanted from animals with similarly 
patent, nonstenotic contralateral control PET — TFE pros- 
theses, while one such patent control PET — TFE specimen 
was from an animal with an occluded contralateral 
PET+TFE explant. Both patent and nonstenotic PTFE 
specimens had contralateral stenotic PTFE explants, while 
both patent six-month Dacron specimens were harvested 
from the same animal. All eight PET prostheses explanted 
at one to three months (four with TFE and four controls) 
were patent without stenoses. 

Thrembus-free surface areas of both PET groups at six 
months were significantly greater than those of the control 
PTFE group (Ps.01). The TFE coating offered no addi- 
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Dog #1382) 
y Coated P 


Fig 1.—Top, Luminal surface of polyethylene terephthalate with 
tetrafluoroethylene (PET + TFE) six-month carotid explant showing 
smooth blood-contacting surface devoid of thrombus. Small fresh 
thrombus at proximal anastomosis was likely formed during ex- 
plantation cross-clamp period. Middle, Central portion of 
PET+TFE carotid six-month explant showing well-developed 
neointima containing numerous myofibroblasts and extracellular 
matrix and lined by confluent endothelium. Lower corner contains 
area occupied by polypropylene external support before its dis- 
placement during processing (hematoxylin-eosin, original magni- 
fication x 130). Bottom, Scanning electron micrograph of central 
portion of luminal surface of PET + TFE six-month explant showing 
confluent endothelial surface (original magnification x 450). 
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Fig 2.—Top, Luminal surface of control polyethylene terephthalate 
without tetrafluoroethylene (PET — TFE) six-month carotid explant 
resembling that of specimen with tetrafluoroethylene shown in Fig 
1. Small areas of residual fibrin coagulum are seen. Middle, Central 
portion of control PET—TFE carotid six-month explant. Note 
marked histologic similarity to specimen in Fig 1 (hematoxylin- 
eosin, original magnification x 130). Bottom, Scanning electron 
micrograph of central portion of luminal surface of control 
PET —TFE six-month explant showing marked similarity to speci- 
men in Fig 1 (original magnification x 450). 
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Fig 3.—Top, Lumina! surface of polytetrafluoroethylene (PTFE) 
six-month explant shewing pannus ingrowth from both anastomo- 
ses and areas of fibrin coagulum occupying much of central portion. 
Middle, Central portian of PTFE carotid six-month explant showing 
thinner inner capsule with areas of fibrin coagulum and areas of 
endothelial coverage of cellular neointima (hematoxylin-eosin, 
Original magnificatior = 130). Bottom, Scanning electron micro- 
graph of central portion of luminal surface of PTFE six-month 
explant showing areas of endothelial blood-contacting surface as 
well as areas of fibrin coagulum (original magnification x 450). 
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Fig 4.—Top, Luminal surface of polyethylene terephthalate with 
tetrafluoroethylene (PET + TFE) six-month aortic explant showing 
smooth neointima largely devoid of thrombus. Middle, Central 
portior of PET+TFE aortic six-month explant showing well- 
developed neointima composed of myofibroblast amid extracellular 
matrix and lined by endothelial flow surface (hematoxylin-eosin, 
originai magnification x 130). Bottom, Scanning electron micro- 
graph ef central portion of luminal surface of PET + TFE six-month 
aortic explant showing confluent endothelium (original magnifica- 
tion x 450). 
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Fig 5.—Transmission electron micrograph of polyethylene tereph- 
thalate (PET) with tetrafluoroethylene (TFE) three-month carotid 
explant showing portion of PET filament with 3000-nm-thick TFE 
discharge (arrows) covering its surface (original magnification 
x 26 000). 


tional gain in thrombus-free surface area at six months. 
The thrombus-free surface areas at 1, 2, and 2 months 
were 65%, 95%, and 96%, respectively, among the 
PET+TFE specimens compared with 65%, 87%, and 86% 
among the PET — TFE specimens. 

All but one of the six-month aortic explants were patent 
and without stenosis. One oeclusion at six months was 
encountered in a PET—TFE control specimen. Among 
one- to three-month explants, only one was occluded 
(PET+TFE at three months), and there were no stenoses. 
Planimetry data show no significant differences among the 
six-month aortic explant groups. 

Histologieally, among the PET carotid explants (Figs 1 
and 2), pannus ingrowth of both endothelium and myofibro- 
blasts progressed from both anastomoses equally over six 
months. Central areas devoid of regenerating neointima 
had inner capsules composed primarily of fibrin coagula. 
Endothelial ingrowth from the anastomoses generally pro- 
ceeded 2 to 3 mm further than did the subendothelial 
myofibroblasts and collagen. Concomitant with neointimal 
formation, eapillaries infiltrated both the inner and outer 
capsules. Skip areas of neointimal formation in the central 
portions occurred, suggesting a transinterstitial migration 
of endothelium and myofibroblasts, but to a very limited 
extent within these PET and PTFE prostheses. Areas of 
extracellular ectopic calcification were seen in regions of 
residual plasma insudation. By six months, the neointima 
was present throughout the entire length of the PET 
specimens. No histologic differences could be detected 
between the PET+TFE and the PET—TFE groups at 
any time. 

Pannus ingrowth was present in PTFE specimens as 
well (Fig 3), but to a lesser extent, never being observed 
throughout the central portions of these specimens at six 
months. These central regions remained fibrin coagula 
within the prosthetic material. Small areas of calcification 
within PTFE tended to occur within the substance of the 
prosthetic material itself. The Dacron controls demon- 
strated neointimal formation via pannus ingrowth primar- 
ily, with central portions having areas of both neointima 
and fibrin coagula. 

Occluded specimens uniformly demonstrated organized 
thrombus, most commonly oldest in the distal anastomosis 
region. The native perianastomotic arteries in beth patent 
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and occluded specimens demonstrated mild to moderate 
intimal hyperplasia, but not to an extent likely tə alter 
flow through the anastomoses. 

Aortic explants at six months (Fig 4) resembled the 
carotid groups, with well-developed neointimas five to ten 
cell layers thick and lined by endothelial cells throughout 
the entire lengths. This pattern was present in the Dacron 
group as well. The rate of neointima formation was more 
rapid in the aortic position, with complete coverage of 
PET+TFE and PET- TFE groups by three months. 

Transmission electron microscopy of the PET+TFE 
prostheses (Fig 5) showed the presence of a confluent 
coating of TFE on the PET fibers within the PET yarn. 
This coating measured 2000 to 3000 nm-thick. Cells along 
the blood-contacting surface of the neointima ultrastruc- 
turally resembled endothelial cells with tight junctions and 
pinocytotic vesicles, but without Weibel-Palade, bodies 
seen. Underlying cells contained numerous myofilaments 
throughout their cytoplasm, along with a secretory appa- 
ratus of rough endoplasmic reticulum and Golgi system 
consistent with myofibroblasts. 


COMMENT 


The rationale behind using TFE polymerization onto a 
PET vascular prosthesis is to alter the blood and tissue 
compatibility of the biomaterial. Such differences were not 
detected under the conditions of the current study. How- 
ever, the enhanced thrombus-free surface area seen in both 
PET carotid implant groups was significant. 

While evidence exists! that PTFE is a more thrombore- 
sistant surface than is PET, it is not known whether such 
augmented thromboresistance can be transferred to PET 
by a plasma polymerization of TFE monomers onto the 
PET surface. Our data suggest not. However, these are 
relatively long-term studies in the canine model. The dog’s 
active hemostatic and thrombolytic systems make appli- 
cation of thrombogenicity data to humans problematic. In 
addition, protein absorption to the biomaterial surface 
after release of the cross clamps alters the thrombogenicity 
of the resultant prosthesis-tissue complex. Long-term 
thrombogenicity of an implanted biomaterial is dependent 
on early blood and tissue reactions, which, in turn, are 
dependent on biomaterial compositional and construction 
variables. It is possible that the TFE application afforded 
an early thromboresistance to the PET not detected in 
these studies. Further, the prototype prostheses used had 
a surface fluorine-carbon ratio of 1.3 to 1.4, lower than the 
ratio of 2in PTFE or of 1.8 to 1.9in more recent PET + TFE 
prostheses. This ratio may be critical to thromboresistance. 
Early thromboresistance studies with ''In-labeled plate- 
lets are currently under way in our laboratory. 

The greater thrombus-free surface area seen in both 
PET carotid groups compared with PTFE may relate to 
the enhanced rate of pannus ingrowth seen in these groups. 
This is at odds with results of previous studies of endothe- 
lial cell regenerative activities on Dacron and on PTFE." 
Differences between this PET and the PTFE or Dacron 
prostheses used, besides the compositional variables, in- 
cluded the PET’s longitudinal microcrimping (affording 
some longitudinal compliance to the prosthesis), the fine- 
ness of the yarn (one denier per filament), the presence of 
the stabilizing outer support of polypropylene present in 
the Dacron group as well, and potentially unidentified 
processing differences and surface residues. Confirmation 
of long-term thrombogenicity differences is needed, and 
then evaluation of these variables to ascertain the causative 
factor(s) is essential. Early studies of similar PET pros- 


Vascular Prostheses—Greisler et al 971 


theses with and without TFE polymerization but without 
the external support are under way. 

The progressive increase in thrombus-free surface areas 
with time from one to six months corresponds temporally 
with reendothelialization and likely reflects the thrombo- 
genicity of the tissue components of the prosthesis-tissue 
complexes. 

While evidence exists that PTFE is less activating of 
complement than is Dacron, studies of complement acti- 
vation by Dacron (or other forms of PET) with and without 
TFE polymerization should be performed. Such alterations 
of complement activation may be relevant to thromboge- 
nicity and to the efficacy of endothelial cell seeding proce- 
dures. 

Of interest was the high degree of bilateral congruity of 
patency in the two carotid explants from each dog. This 
supports the conclusions of Kaplan et al: that platelet 
factors are critical in the canine vascular implant model. 
Our laboratory is currently screening all dogs for platelet 


aggregation in response to adenosine diphosphate and 
would agree with these conclusions. Such aggregometry 
assays were not performed in this study, and differences 
between PET groups and PTFE and Dacron groups could 
reflect chance differences in hemostatic activity among the 
dogs. The current study’s conclusions should be verified in 
dogs matched for hemostatic activation tendencies. 

The more rapid reendothelialization in the aortic position 
may reflect differences in hemodynamic factors such as 
flow rates and shear forces or may reflect differences in 
the surrounding tissue beds. The retroperitoneal fibroa- 
reolar tissue may be a greater donor of transinterstitially 
migrating endothelium than is the muscle bed surrounding 
the carotid arteries. 


The PET and Dacron prostheses were kindly provided by Atrium Medical 
(Hollis, NH) and CR Bard (Billerica, Mass), respectively. 

We wish to acknowledge the assistance of Dolores Breen in the prepara- 
tion of the photomicrographs. 
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Invited Editorial Comment 


Both synthetic materials and biologie tissues have important 
roles as conduits to restere blood flow to an organ or limb when 
there is deprivation by occlusive disease, disruption by trauma, 
or surgical removal. Many challenges exist and questions remain 
unanswered, sueh as the role and nature of the healing process 
with foreign graft materials, the significance of various blood- 
graft interfacial phenemena, and how to minimize thrombogeni- 
city. 

Dr Greisler and his asseciates have subjected to critical scrutiny 
a synthetic graft manufactured with plasma discharge technology 
that layers TFE onto grafts composed of PET. Thromboresistance 
measured as a decrease in platelet aggregation and the lack of 
activation of complement pathways or inhibition of cellular regen- 
eration are theoretical advantages for using TFE. The authors 
have, in fact, shown in these studies that there is no particular 
advantage for the TFE. Nevertheless, they are also quick to point 


out that advantages may exist under other conditions and suggest 
the need for further investigations. 
This article is particularly important in that it brings into focus 

a new development in graft technology for which industrial claims 
probably far exceed actual clinical performance and, certainly, the 
experimental observations noted by the authors. The “ideal” 
vascular graft must ultimately be able to withstand a multitude 
of environmental forces, biologic and mechanical. The development 
of a perfect textile or polymer is one thing, the ability to modify 
the progression of inflow or downstream disease is another, and 
the responsibilities of judgment and technique are still another. 
There is no graft that will ever compensate for surgical inadequacy 
or error and presumably none that will prevent the biologic 
progression of disease. 

HERBERT Darpik, MD 

Englewood, NJ 
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Duodenal Somatostatinoma With Psammoma Bodies 
5. Albrecht, MD; G. W. Gardiner, MD; K. Kovacs, MD, PhD; G. Ilse; U. Kaiser, MD 


A duodenal somatostatinoma was found incidentally in a 60-year-old woman undergoing cholecystectomy. 
Microscopically, the tumor had a glandular architecture with abundant psammoma bodies. Electron 


microscopy revealed tumor cells resembling D-cells of the pancreatic islets. Immunohistochemically, there 
was staining for neuron-specific enolase, chromogranin, and diffuse cytoplasmic positivity for somatostatin 
only. By immunoelectron microscopy, somatostatin was identified predominantly in lucent membrane-bound 
secretory granules. X-ray—dispersive microanalysis showed the psammoma bodies contained calcium apatite 
crystals. This case is compared with other reported cases with a description of cellular localization of 
somatostatin and development of psammomatous calcification (Arch Pathol Lab Med 1989;113:517-520). 


Reprint requests to Department of Pathology, 2C, St Michael’s Hospital, 30 Bond St, Toronto, Ontario, 


Canada, M5B 1W8 (Dr Gardiner). 
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Effects of Biliary Obstruction 
on Hepatic Clearance of Bacteria 


Melody O’Comor Allen, MD; Peter B. Wilton, MD; Rod A. Barke, MD; 
Dale N. Gerding, MD; Lee A. Forstrom, MD; Rex B. Shafer, MD; Jack A. Vennes, MD 


è High surgical mortality in patients with obstructive jaun- 
dice and sepsis have been attributed to reticuloendothelial 
system (RES) depression. The purpose of this stucy was to 
clarify the effects of mechanical biliary obstruction on RES 
clearanceof pathogenic bacteria by comparing the phagocytic 
index (K) with the directly measured hepatic uptake of indium 
111-labeled bacteria injected into the portal vein of normal 
dogs and dogs with partial (PBO) or complete biliary obstruc- 
tion (CBC). No significant difference was observed between 
the K in normal dogs (0.19+0.08; n=6) and that in dogs with 
PBO (0.24+0.06; n=5) or CBO (0.21+0.03; n=4). There was 
no significant difference in uptake of radiolabel by the liver 
among the three groups of dogs. In our model, biliary obstruc- 
tion had no effect on hepatic RES function and may not 
represent a significant determinant of mortality in patients 
with obstructive jaundice. 

(Arch Surg 1989;124:973-977) 


H® mortality in patients with mechanical biliary 
obstruction and sepsis has been attributed to dimin- 
ished capacity of the hepatic reticuloendothelial system 
(RES) to clear pathogenic bacteria.'* The rate of elearance 
of particulate matter from the systemic circulation, the 
phagocytic index (K), is widely accepted as a measure of 
hepatic RES funetion.*?* Experimental studies in small 
animal models of biliary obstruction using K as a measure 
of hepatic RES function have yielded conflicting results, 
showing both enhancement of activity? as well as depres- 
sion.* Up to this time, no study has directly measured 
hepatic uptake of injected particles as they disappear from 
the peripheral blood. In addition, the parameters K and a 
(corrected K) have not previously been measured with 
varying degrees of biliary obstruction. Finally, no earlier 
study has used pathogenic bacteria as the injected particle 
when quantitating K. 

The primary purpose of this study was to compare 
hepatic elearance rate, as expressed by K, with directly 
measured hepatic uptake during portal venous infusion of 
radioisotope-labeled bacteria in canine models of partial 
and complete biliary obstruction. Second, we hoped to 
clarify farther the role of opsonic proteins in the hepatic 
clearance of bacteria. 


MATERIALS AND METHODS 
Preparation of Models 


Partial biliary obstruction (PBO) was created using pentobar- 
bital sodium (Nembutal) anesthesia (80 mg/kg of body weight) in 
five healthy adult mongrel dogs (15+1 kg) by placing a sterile 
cannula (polyethylene tubing, internal diameter of 1.2 mm) 
through the biliary ampulla and into the distal common bile duct, 


Accepted for publication Aug 29, 1988. 

From the Departments of Surgery (Drs O’Connor Allen, Wilton, and 
Barke), Medicine (Drs Gerding and Vennes), and Nuclear Madicine (Drs 
Forstrom and Shafer), Veterans Administration Medical Ceriter, Minneap- 
olis. 

Reprint requests to Department of Surgery, Veterans Administration 
Medical Center, 1 Veterans Dr, Minneapolis, MN 55417 (Dr O’Ccnnor Allen). 
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limiting the duct internal diameter to below 50% of normal’ (Fig 
1). Complete biliary obstruction (CBO) was created in four dogs 
(16+4 kg) by insertion of a totally occluded cannula. Dogs with 
PBO and CBO then underwent cholecystectomy and were allowed 
to recover for 14 and seven days, respectively. Attempts to extend 
the period of complete biliary obstruction to 14 days were aban- 
doned since the animals did not reliably eat or take fluids beyond 
seven days. Six control (CTL) dogs (14+3 kg) underwent chole- 
cystectomy. 


Labeling of Bacteria 


A serum-resistant strain of Pseudomonas aeruginosa (ATCC 
27853) was radiolabeled using previously described methods’: 
500 Ci of indium In 111-oxyquinoline was added to the bacterial 
suspension and incubated at 37°C for 2.5 hours. Bacteria were 
washed twice with sterile saline and resuspended to a concentra- 
tion of 1x10" colony-forming units (CFUs) per milliliter. Total 
injected dose was 2x10" CFUs. Bacterial suspensions retained 
199+ 86 uCi/mL (range, 13 to 334 wCi/mL) of cell-associated In. 


Experimental Procedure 


Dogs were maintained under light general anesthesia with 
spontaneous respiration and intact corneal reflex throughout the 
study period. Femoral vein blood was obtained for measurement 
of baseline (T,) white blood cell count, fibronectin, total bilirubin, 
alkaline phosphatase, quantitative bacterial culture, and radioac- 
tivity. The portal vein was cannulated and 2 x 10" CF Us of serum- 
resistant '"In-labeled P aeruginosa in 50 mL of sterile saline was 
infused using a Harvard infusion pump over 14 minutes (infusion 
period, T, through T,,). Heparinized blood was collected during 
infusion and at 5, 10, 15, 20, 25, and 30 minutes afterward 
(postinfusion period, T,, through T,,). Samples were stored on ice 
(maximum time, one hour) before quantitative bacterial culture 
and measurement of radioactivity were carried out. In three CTL 
animals, additional blood was obtained for white blood cell count 
and fibronectin measurement. Organ uptake of radioactivity was 
quantitated using a scintillation camera (Siemens) with a large 
field of view and fitted with a medium energy collimator. Anterior 
imaging data of the whole body were collected during the period 
of bacterial infusion and for the subsequent 30 minutes (T, through 
T,,) and stored on magnetic tape for computer analysis. Total 
injected dose of radioactivity was defined by the difference in 
radioactivity in the syringe containing labeled bacteria before and 
after injection. Anesthetized dogs were sacrificed (intravenous 
potassium chloride), and weights of liver, lungs, and spleen were 
obtained. In three CTL dogs, ten 1-g segments and whole-organ 
homogenates were obtained for measurement of radioactivity and 
comparison with camera image data. 


Quantification of Radioactivity in Blood and Tissue 


Radioactivity in duplicate 3-mL samples of heparinized blood 
was measured by standard techniques (using the Packard Auto- 
Gamma Scintillation Spectrometer model 5230). Cell-associated 
counts per minute were determined by sampling whole blood and 
supernatant (plasma) after centrifugation at 1600 g for 20 minutes. 
Plasma values were corrected for hematocrit and subtracted from 
whole-blood values to obtain cell-associated radioactivity.’ Tissue 
counts per minute were measured using ten samples of either 
segments of tissue from scattered areas throughout each organ or 
500-uL aliquots of whole-organ homogenates. Counts per minute 
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Fig 1.—Diagram of experimental model. Through lateral duode- 
notomy, cannula (polyethylene tubing) was inserted into bile duct 
via major duodenal papilla. Suture ligature was placed around bile 
duct, fixing cannula im place and creating partial biliary outflow 
obstruction. Complete biliary obstruction was created by inserting 
occluded catheter into bile duct. 


for whole organs were calculated using the mean measurement of 
the ten segments from each organ. 


Measurement of Plasma Fibronectin 


Concentrations of plasma fibronectin were determined using 
standard techniques ef rocket immunoelectrophoresis as previ- 
ously deseribed." 


Calculations and Statistical Analysis 


Phagocytic Index.—The K value was determined using a 
modification of techniques described by Benacerraf et al.!? Serial 
blood bacterial concentrations (B, in colony-forming units per 
milliliter) were fitted to the following equation using the linear 
least-squares method®™: B(t)=B,e-**, where t is minutes after 
injection. The corrected K (a) was determined using the following 
equation®: a = (body weight/liver + spleen weight)K™. 

Whole-Body Scan Data.—Image data were analyzed with an 
MDS-A2 computer over regions of interest (liver, lungs, spleen, 
and background) identified by marking with a light pen on a 
cathode ray tube display of the image based on locations of organs 
seen at operation.‘ Percentage of injected radioactivity was 
calculated for whole organs by comparing activity in the selected 
region of interest with counts obtained from a known dose imaged 
at the end of the study. Organ uptake was then calculated per 
gram of organ weight ebtained at autopsy. : 

Statistical Analysis.—The K and a values for dogs with PBO 
and CBO were compared with those of CTL dogs using an unpaired 
Student’s £ test. Serum bilirubin and alkaline phosphatase values 
for dogs with PBO and CBO were compared with CTL dogs’ values 
using x? analyses with the Yates’ correction." 


RESULTS 


Dogs with CBO had significantly higher (P<.05) serum 
bilirubin levels when compared with CTL dogs. Alkaline 
phosphatase level was significantly higher in both dogs 
with CBO and PBO when compared with CTL dogs (Table 1). 

Serial measurements of white blood cell count in femoral 
venous blood showed an initial decline to 35% of baseline, 
returning to 85% of baseline values by 30 minutes after 
completion of infusion. Plasma fibronectin concentrations did 
not significantly change during or after infusion of labeled 
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Table 1.—Consequences of MBO* 







Duration Total Alkaline Liver Weight- 

' of MBO, Bilirubin, Phosphatase, Body Weight 
Group (n) d pmol/L U/L Ratio 
CTL (6) 0 3.42+1.71 390 + 120 29+1 
PBO (5) 14 15.39+8.55 18130+8680 33+3 
CBO (4) vf 119.70+ 25.65 40190 + 19320 40+9 







*MBO indicates mechanical biliary obstruction; CTL, control; PBO, partial 
biliary obstruction; and CBO, complete biliary obstruction. All values are 
mean + SEM. 

tP<.05 compared with CTL. 


Table 2.—Clearance of Bacteria* 
a 
ee FS 
Mean+SEM Range 
17.4+1.9 15.4-19.8 
16.6+4.4 11.9-23.9 


13.7+4.6 8.1-19.3 


K 
— IY? 
Mean + SEM Range 
0.19+0.08 0.12-0.31 
0.24+0.06 0.17-0.32 
0.21 +0.03 0.17-0.23 





| Model 























PBO 
CBO 








*K indicates phagocytic index; a, corrected K; CTL, control; PBO, partial 
biliary obstruction; and CBO, complete biliary obstruction. No comparison 
of PBO, CBO, and CTL was significant. 


bacteria (829+80 mg/L at T,, 815+63 mg/L at T,,, and 
812 +49 mg/L at T,,). 

Curves fitted to the equation for K showed that the 
disappearance of viable bacteria from peripheral blood oc- 
curred in an exponential manner (correlation coefficients of 
.95+ .02 for CTL, .92+.02 for PBO, and .96+.03 for CBO). 
No significant differences in either K or a were noted among 
CBO, PBO, and CTL groups (Table 2). 

Figure 2 shows a whole-body scan of a dog with PBO, and 
Fig 3 shows peripheral blood culture results and percentage 
uptake of radioactivity by RES organs in the same animal. 
Scans and data from all dogs (CTL, PBO, and CBO) were 
similar in radioactivity clearance characteristics. Viable or- 
ganisms cultured from peripheral blood rose sharply at 
initiation of infusion (T,). After infusion was halted, numbers 
of bacteria declined exponentially over the next 30 minutes. 
Scintillation camera imaging of the liver showed a steady 
increase in uptake of radioactivity as bacteria were injected, 
which peaked at the end of infusion and remained at that 
level for the duration of the study. Uptake of ™In in liver 
was noted within 20 s of initiation of injection when less than 
5% of total dose had been injected. The decline in number of 
viable bacteria in peripheral blood after infusion was com- 
pleted was not paralleled by an increase in imaged uptake of 
radioactivity by the liver. A small proportion of injected 
radioactivity appeared within the lungs, with no detectable 
uptake by the spleen in any dog. Whole-organ uptake and 
uptake of radioactivity per 100 g of liver weight were not 
significantly different from that observed in dogs with PBO 
or CTL dogs (Table 3). 

Scintigraphy of liver tissue fragments revealed greater 
uptake of radioactivity in central portions compared with 
peripheral areas. Percent uptake of the injected dose of 
radioactivity was measured in two dogs by scintigraphy of 
aliquots of whole-liver homogenates. Using these results, an 
attenuation of 45% was obtained. This value is consistent 
with calculated attenuation of 48% based on assumptions of 
a linear attenuation coefficient, »=.14 cm-t, and a 15-em 
depth of liver tissue. Uptake of radioactivity by lung was 
6% by tissue homogenate scintigraphy and 1.4% by imaging. 
Uptake of radioactivity by spleen was 0.6% by tissue homog- 
enate scintigraphy and 0% by imaging. 
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Fig 2.—Computer image of whole-body 
scan of dog with partial biliary obstruction 
at end of postinjection period (T,,,). Regions 
of interest (liver, lungs, spleen, and back- 
ground) have been outlined. Majority of 
uptake of radioactivity was in region of liver. 
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Fig 3.—?Peripheral blood quantitative culture and percentage uptake of radioactivity by 
liver, lungs, and spleen in same dog as in Fig 2. Viable bacteria were present in peripheral 
blood fram beginning of infusion of indium 111-labeled Pseudomonas aeruginosa, reaching 
maximum at end of 14-minute infusion period (T,,). After injection was completed, numbers 
of bacteria decreased exponentially (K = 0.21). During infusion, uptake of radioactivity was 
noted in liver and lungs, reaching maximum at end of 14-minute infusion period (T,,). After 
infusion was complete, there was no further uptake or loss of radioactivity by these organs 
in ensuing 30 minutes (T,; through T,,). There was minimal upteke of radioactivity by 
spleen. CFU indicates colony-forming units. 


COMMENT 


Experimental studies using rat and rabbit models of biliary 
obstruction have reported increased mortality after bacterial 
challenge (Table 4).%” Roughneen et al demonstrated in 
vivo impairment of cell-mediated immunity in a rat model of 
biliary obstruction, confirming a similar defect in cell-medi- 
ated immunity in human neonates with chronic cholestasis 
found by others.’® Halpern et al? and Holman and Rikkers’ 
have postulated a defect in host defenses specific to the 
hepatic RES in biliary obstruction. Halpern et al? measured 
injected carbon particle clearance in a rat model of complete 
biliary obstruction, demonstrating an immediate and pro- 
longed increase in total-body phagocytic activity followed by 
a gradual decline. Holman and Rikkers,’ using a similar 
model, injected a slightly larger dose of carbon particles. In 
their study, biliary obstruction had no effect on a until 21 
days, when a significant decline was noted. 

The purpose of this study was to investigate the effect 
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of biliary obstruction on hepatic RES defenses against 
bacterial infection in a large-animal medel. The method in 
the present study is unique in several ways. Benacerraf et 
al? defined K as the rate of disappearance from peripheral 
blood of inert colloid particles injected into the peripheral 
venous system. Cooksley et al? advoeated expression of 
RES phagocytosis independent of hepatic blood flow by 
calculating the ratio of K to reticuloerdothelial perfusion. 
Reports by other authors that chronic biliary obstruction 
has no effect on the distribution of hepatic blood flow in 
dogs” influenced us to accept K and œ without blood flow 
correction as our measure of hepatic RES. Our methods 
differ from those of these earlier researchers in two areas: 
(1) pathogenic bacteria were used as the injected particle, 
and (2) bacteria were injected directly into the portal vein 
rather than into the peripheral venous system. We believe 
our model simulates clinical biliary obstruction and bacte- 
rial sepsis more closely than does injection of inert particles 
such as carbon or colloid. Second, imjection of bacteria 
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| Table 3.—Percent Hepatic Uptake of Total Injected Indiu 


m 111 Measured by Gamma Camera Imaging* 
Injection Period Total Minutes Postinjection 
V—_-———-- err KSC 


Í 
| 


Middle End 5 10 15 20 


Uptake per 100 g Liver ( x 10?) 
0.5 7.9+0.4 





*CTL indicates control; PBO, partial biliary obstruction; and CBO, complete biliary obstruction. All values are mean+SEM. No comparison of PBO, CBO, and 
CTL was significant. 


Table 4.—Studies of Hepatic RES Function in MBO* 
Injected 
Particle 

Carbon 
Carbon 


Portal of Duration 
Injection of MBO, d 


Peripheral vein 3-38 
Peripheral vein 3-21 
Peripheral vein 

Portal vein 


Source, y Model 
Halpern et al, 1957 Rat 
Holman and Rikkers, 1982 Rat 
Katz et al,* 1984 Rat Escherichia coli 
Chou and Gibson, 1968 Rabbit E coli 
Ronai and Magarey,'* 1960 Rat E coli Portal vein Zz 
Tanaka et al,” 1985 Rat E coli Bile duct 3d to 6 wk 


*RES indicates reticuloendothelia! system; MBO, mechanical biliary obstruction. 


Result 
TK at 16d, then | , no change in a 
laat2id 


t uptake liver, | uptake lung 


t mortality 
t mortality 
t mortality 





directly into the portal venous system will allow more 
accurate measurement of liver RES phagocytosis. Finally, 
measurement of K as described by Benacerraf et al? and 
Cooksley et a° only provides information on the rate of 
clearance of pathogenic bacteria from the peripheral blood. 
By performing gamma camera imaging of the liver, spleen, 
and lungs during the time when viable bacteria were 
disappearing from peripheral blood, we were able to 
measure organ-specific alterations in clearance of radiola- 
beled bacteria. 

Our study did not demonstrate either enhancement or 
depression of RES clearance of viable bacteria under 
conditions of partial or complete biliary obstruction using 
classic methods of measuring K. As labeled bacteria were 
infused into the portal vein, there was immediate and 
linear uptake of label in the liver. Once infusion was 
complete, no further uptake of label by the liver occurred, 
despite the exponential decrease of viable bacteria in 
peripheral blood. These observations imply that while the 
infused bacteria continued to be “cleared,” their disap- 
pearance from the peripheral blood could not be entirely 
attributed to further hepatic uptake. The low levels of 
uptake of radioactivity by spleen and lungs suggest that 
these organs are not responsible for this subsequent 
disappearance of injected bacteria either. The significant 
quantities of “background” radioactivity distributed evenly 
on the whole-body image suggest that many bacteria are 
killed in the peripheral circulation. This theory is sup- 
ported by previous in vitro work in this laboratory,” where 
minimal loss of cell-associated counts or viability of In- 
labeled P aeruginosa ineubated in saline were demon- 
strated with an increased loss using serum and an even 
greater loss using whole blood. We postulate that the 
background radioactivity noted in the current study is due 
both to free "In in the blood as well as cell-associated 
mIn, either still attached to bacteria or within circulating 
white blood cells. 

Several factors may have contributed to our failure to 
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demonstrate alterations in K or a. First, though Halpern 
et al? shcwed significant immediate depression (one day) in 
K in a ret model of CBO, the duration of obstruction used 
here (seven days CBO, 14 days PBO) may not have been 
sufficient to demonstrate a significant effect in the canine 
model. In our model, we were unable to extend the period 
of CBO beyond seven days due to failure of animals to 
thrive. Second, the dose of bacteria injected (2 x 10" CF Us) 
may have influenced our results. The quantity of bacteria 
used was based on an extrapolation of quantities of bacteria 
used in 2xperiments challenging small-animal models of 
biliary obstruction.” The RES “blockade” has been docu- 
mented by Biozzi et al” after administration of a very large 
dose of celloids, ie, saturating reticuloendothelial cells with 
different colloids, causing progressive reduction of RES 
activity. [t is possible that the quantity of bacteria we used 
was great enough to induce a blockade and mask any 
influence on true phagocytic capacity. However, continued 
uptake of radioactivity by the liver throughout the entire 
infusion period suggests that such blockade did not occur. 

Gamma camera imaging failed to demonstrate any effect 
of biliary obstruction on accumulation of bacteria within 
any RESorgan. Comparison of organ counts obtained from 
gamma camera imaging with counts obtained from organ 
homogenate in a well counter resulted in a calculated 
attenuation of 45%. We attribute this difference to attenu- 
ation of measured radioactivity inherent to single-view 
imaging techniques. Multiple-view imaging techniques us- 
ing a “caibrated” gamma camera and associated computer 
system may have allowed closer correlation with well 
counter cata. We elected not to use a multiple-view tech- 
nique for two reasons: (1) since the weights and torso 
conformation of the dogs used were similar, effects of 
attenuation on measured organ uptake would not differ 
among experimental groups; and (2) since the attenuation 
factor was constant in a given dog, relative comparisons of 
measured organ uptake over time in the same dog are 
valid. 
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Saba has postulated that failure of the RES is a direct 
result of decreased serum levels of opsonic proteins, par- 
ticularly fibronectin, which are necessary to modulate 
functional phagocytic behavior of Kupffer’s cells anc splenic 
macrophages. Though hepatocytes are known to synthesize 
fibronectin in vitro, the rele of opsonic proteins in 
biliary obstruction and infection has not been previously 
studied. Fibronectin has been shown to bind to several 
gram-negative and gram-positive bacteria as well as to 
yeast” and has been demonstrated to be a cofactor in the 
phagocytosis of Staphylococcus aureus.” Its role in the 
defense against biliary pathogens is not yet known. The 
lack of any depletion of plasma fibronectin in the present 
study, despite the overwhelming dose of bacteria, suggests 
that this protein is unlikely to play a significant role in 
RES organ phagocytosis in the canine model using P 
aeruginosa. 

The K is a numerical value that reflects a complex system 
of host defense mechanisms. Though hepatic RES phago- 
cytosis may represent a major portion of these defenses, 
other factors, such as phagocytosis by lungs, spleen, and 
circulating phagocytic leukocytes, must be considered as 
contributory factors to absolute values of K. The present 
study demonstrated no alteration occurring in the ability 
of any RES organ to clear labeled bacteria from the 
bloodstream in the canine model of biliary obstruction for 
up to 14 days in dogs with PBO and up to seven days in 
dogs with CBO. In addition, our data suggest that the 
opsonic protein fibronectin does not play a major role in 
bacterial killing under conditions of PBO or CBO. 


The assistance of Shan Sauls, Kris Bettin, Richard Charboneau, Eugene 
Freeman, Chet Sievert, Barbara Zweber, Michael Elson, and Kitty Sue 
Boddie were indispensible in completion of this study. 

These studies were performed in accordance with the guidelines estab- 
lished in the Guide for the Care and Use of Laboratory Animals published 
by the US Department of Health and Human Resources (National Institutes 
of Health publication 85-23, revised 1985). Dogs were housed :n facilities 
accredited by the American Association for the Accreditation of Laboratory 
Animal Care, and the research protocol was approved by the Animal Study 
Subcommittee ef the Mimneapolis Veterans Administration Medical Center. 


References 


1. Drivas G, James O, Wardle N: Study of reticuloendothelial phagocytic 
capacity in patients with cholestasis. Br Med J 1976;1:1568-1569. 

2. Halpern BN, Biozzi G, Nicol T, et al: Effect of experimental biliary 
obstruction on the phagocytic activity of the reticuloendothelial system. 
Nature 1957;180:508-504. 

3. Holman JM Jr, Rikkers LF: Biliary obstruction and host defense 
failure. J Surg Res 1982:32:208-213. 

4. Katz S, Grosfeld JL, Gross K, et al: Impaired bacterial clearance and 
trapping in obstructive jaundice. Ann Surg 1984;199:14-20. 

5. O'Connor MJ: Mechanical biliary obstruction: A review of the multi- 
systemic consequences of obstructive jaundice and their impac: on periop- 
erative morbidity and mortality. Am Surg 1985;51:245-251. 

6. O'Connor MJ, Schwartz ML, McQuarrie DG, et al: Acute bacterial 
cholangitis: An analysis of clinical manifestation. Arch Surg 1982;117:437- 
441. 

7. O’Connor MJ, Sumner HW, Schwartz ML: The clinical and pathologic 
correlations in mechanical biliary obstruction and acute cholangitis. Ann 
Surg 1982;195:419-423. 

8. Mackie R, Sievert C, Thorson B, et al: Quantitation of bacteremia 
secondary to retrograde biliary flow. Gastrointest Endosc 1982:28:138. 

9. Bettin K, O’Connor Allen M, Gerding DN, et al: In-111 Pseudomonas 
aeruginosa: A simple method of labeling live bacteria with a gamma- 
emitting radioisotope. Bur J Nucl Med 1986;12:277-279. 

10. Weiblen BJ, Forstrom L, McCullough J: Studies of the kinetics of 
indium-111-labeled granulocytes. J Lab Clin Med 1979;94:246-255. 

11. O’Connor M, Allen J, Vennes J, et al: Protective effects of fibronectin 
in bile against biliary infection. Surg Forum 1984;35:122-124. 

12. Benacerraf B, Biozzi G, Halpern BN, et al: Physiology of Phagocy- 
tosis of Particles by the Reticuloendothelial System. Springfield, Ill, 
Charles C Thomas Publisher, 1957, pp 52-79. 

13. Snedecor GW, Cochran WG: Statistical Methods, ed 7. Ames, Iowa, 
lowa State University Press, 1980. 

14. Fleming JS: A technique for the absolute measuremen: of activity 
using a gamma camera and computer. Phys Med Biol 1979;24:176-180. 

15. Chou ST, Gibson JB: Experimental cholangitis and cholelithiasis. 


Arch Surg—Vol 124, August 1989 


Br J Exp Pathol 1968;49:565-573. 

16. Ronai PM, Magarey FR: Experimental cholangitis following biliary 
obstruction. Aust Ann Med 1960;9:289-294. 

17. Tanaka N, Christensen P, Ryden S, et al: Biliary obstruction and 
susceptibility to biliary sepsis in rats. Res Exp Mec 1985;185:115-119. 

18. Roughneen PT, Gouma DJ, Kulkarni AD: Impaired specific cell- 
mediated immunity in experimental biliary obstruction and its reversibility 
by internal biliary drainage. J Surg Res 1986;41:1138-125. 

19. Rubaltelli FF, Granati B, Fortunato A, et al: Inhibitery effects of 
bilirubin and photobilirubin on neonatal and adult T lymphocytes and 
granulocytes. Biol Neonate 1982;42:152-158. 

20. Cooksley WGE, Powell LW, Halliday JW: Reticuloendethelial phag- 
ocytic function in human liver disease and its relationship to haemolysis. 
Br J Haematol 1973;25:147-164. 

21. Ohlsson EG: The effect of biliary obstruction on the distribution of 
the hepatic blood flow and reticuloendothelial system in dogs. Acta Chir 
Scand 1972;138:159-164. 

22. Biozzi G, Benacerraf B, Halpern B: Quantitative study of the 
granulopectic activity of the reticulo-endothelial system: II. A study of the 
kinetics of the granulopectic activity of the R.E.S. in relation to the dose 
of carbon injected: Relationship between the weight of the organs and their 
activity. Br J Exp Pathol 1953;34:441-457. 

23. Saba TM: Prevention of liver reticuloendothelial systemic host de- 
fense failure after surgery by intravenous opsonie glycoprotein therapy. 
Ann Surg 1978;188:142-152. 

24. Marceau N, Goyette R, Valet JP, et al: The effect of dexamethasone 
on formation of a fibronectin extracellular matrix by rat hepatocytes in 
vitro. Exp Cell Res 1980;125:497-502. 

25. Tamkun JW, Hynes RO: Plasma fibronectin is synthesized and 
secreted by hepatocytes. J Biol Chem 1983;258:4641-4647. 

26. Van De Water L: Fibronectin binds to some bacteria but does not 
promote their uptake by phagocytic cells. Science 1983;220:201-204. 

27. Lanser ME, Saba TM: Fibronectin as a co-factor necessary for 
optimal granulocyte phagocytosis of Staphylococcus aureus. J Reticuloend 
Soc 1981;30:415-424. 


Editorial Comment 


Allen et al have utilized canine models of 14-day PBO and seven- 
day CBO to evaluate the contribution of impaired hepatic RES 
function to the high mortality reported for patients with sepsis 
secondary to mechanical biliary obstruction. The authors found 
no depression of hepatic clearance of radiolabeled bacteria injected 
through the portal vein of the study animais and point out that 
the work of other investigators using different models both 
confirms and refutes their findings. The possibility of species 
specificity thus makes application of these studies to man difficult. 

The authors’ statement that hepatic uptake continued through- 
out the infusion period suggests that they did not assess total 
uptake capacity of the liver, which may be amore sensitive index 
of RES function. The possibility remains that total hepatic uptake 
was impaired in these dogs, but such was never measured. 
Additionally, the authors’ conclusion that fibronectin does not play 
a major role in bacterial killing in the presence of PBO or CBO 
may not be adequately supported by their data, since the effect 
of depressed levels of fibronectin was not examined, and depletion 
of fibronectin might well have altered the rate of bacterial killing 
and perhaps even clearance. 

The specificity of the question addressed hy these investigators 
is uncertain because the causes of biliary obstruction are so 
diverse and the causative diseases are so often associated with 
malnutrition, dehydration and hypovolemia, intestinal malfunc- 
tion, and renal dysfunction, all of which are comorbid factors that 
may increase the risk of infection and mortality. The model 
employed in these studies may, at best, be a tenuous analogue of 
biliary tract calculous disease. Sepsis associated with biliary 
obstruction due to calculi is essentially that which would be 
associated with any abscess forming behind a mechanical obstruc- 
tion and is not commonly due to failure of clearance of blood-borne 
bacteria. The authors’ finding of impugning biliary obstruction as 
a cause of impaired RES clearance of blood-borne bacteria will, it 
is hoped, encourage them to extend their studies and evaluate the 
effect of biliary obstruction on other components of the host 
resistance system using more appropriate models, perhaps one of 
infection within the biliary ducts. 

Basi. A. Pruitt, JR, MD 
San Antonio, Tex 
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Clinical Notes 


Ilac Arterial Transposition 


Rodney J. Landreneau, MD; Patricia Mitchum, MD; William J. Fry, MD 


è The surgical management of iliac arterial trauma remains 
a challenging problem with a perioperative mortality rate of 
30%. The high mortality and postoperative complication rate 
is related to the hemorrhagic shock and multiple visceral 
injuries usually accompanying this vascular trauma. We feel 
prosthetic interposition grafts should be avoided in these 
frequently contaminated wounds. We use two approaches to 
iliac arterial transposition that restore vascular continuity 
following long-segment iliac injuries. These techniques elim- 
inate the need for any interposition graft. They also recon- 
struct with native arterial tissue of similar diameter and 
vascular characteristics as the injured vessel. We advocate 
the use of iliac arterial transposition to manage iliac arterial 
injuries whenever it is anatomically feasible. 

(Arch Surg. 1989;124:978-981) 


rauma to the iliac vessels is a challenging problem with 

a reported mortality rate of 30% in most series.' 
Ideally, surgical repair of these injuries is accomplished 
with primary reconstruction, although interposition graft- 
ing or vessel ligation with extra-anatomic bypass is some- 
times required.*® We present two cases of complex pene- 
trating iliac arterial trauma to illustrate a seldom used but 
valuable method of primary arterial repair. Although iliac 
arterial transposition has been mentioned as a means of 
arterial reconstruction by others,** we report what we 
believe to be the first angiographic documentation of this 
approach to manage an extensive gunshot injury of the 
right common iliac artery and aortoiliac junction. The 
second case demonstrates a method of internal iliac arterial 
transposition that should be considered in bridging the 
defect resulting from penetrating trauma to the external 
iliac artery. 


REPORT OF CASES 


Case 1.—A 24-year-old man was admitted to the emergency 
department after sustaining multiple gunshot wounds to the 
abdomen. Moderate hypotension in the field was corrected with 
2 L of lactated Ringer’s solution. At presentation, he was hemo- 
dynamically stable without bruit, vascular deficit, or an abdominal 
mass. Entrance wounds were found in the lower left side of the 
abdomen and the left buttock, but only one exit wound was noted 
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from the right flank. After a prompt evaluation and adequate 
establishment of intravenous lines, the patient was brought to the 
operating room for surgical exploration. 

The abdomen was prepared for a standard celiotomy and the 
right leg for possible harvest of saphenous vein. During the 
operation, 500 mL of blood was evacuated from the peritoneal 
cavity. Numerous small-bowel injuries and an injury to the sigmoid 
colon were discovered. We noted a pulsatile, retroperitoneal 
hematoma with active ooze through a violation in the posterior 
aspect of the peritoneum at the level of the aortic bifurcation 
(Fig 1). Proximal and distal control of the aorta and the iliac 
arteries was obtained without disturbing the hematoma. The 
small-bowel and colonic injuries were quickly oversewn for tem- 
porary control of bowel soilage. We planned a definitive manage- 
ment of these wounds after correction of the anticipated vascular 
injury. 

Heparin sodium was given and vascular clamps were placed 
about theinjury. We opened the pulsatile hematoma and examined 
the vascular injury. A significant intimal injury extended from the 
distal 15 mm of the aorta and into the proximal 25 mm of the right 
common iliac artery (Fig 2). The right internal and external iliac 
arteries were mobilized to allow transposition of the distal right 
common iliac artery. Anastomosis to the side of the left common 
iliac artery was accomplished without tension. The stump of the 
right aortoiliac junction was closed with a running arterial suture. 
The arterial clamps were released and we noted good flow in both 
iliac arteries. The arterial repair was reperitonealized and ex- 
cluded frem the bowel injuries. We also encountered a previously 
unrecognized tangential ureteral injury, although significant hem- 
aturia was not found on the preoperative urinalysis. It became 
necessary to perform a local resection of the ureteral injury with 
the primary repair over a temporary stent. The small-bowel 
injuries were managed with primary débridement and closure. 
The peritoneal cavity was thoroughly irrigated and the colonic 
injury was exteriorized as an end colostomy (Fig 8). 

The patient’s postoperative course was uneventful and he was 
discharged 6 days after surgery. An arteriogram obtained shortly 
before discharge demonstrated an intact anastomosis with excel- 
lent runoff through the right iliac artery (Fig 4). One year after 
repair, the patient was without claudication and his peripheral 
pulses were intact symmetrically. 

Case 2.—A 19-year-old man was admitted to the emergency 
department shortly after sustaining an abdominal gunshot wound 
to the left of the umbilicus. His blood pressure was 90/60 mm Hg 
and his heart rate was 115 beats per minute. A diminished left 
femoral pulse without bruit and a lower left quadrant mass were 
noted. The patient was prepared for immediate surgical explora- 
tion. 

During the abdominal exploration, 500 mL of free blood and a 
large retroperitoneal hematoma were found in the left iliac fossa. 
We achieved control of the proximal common iliac artery with 
tapes. The groin was compressed for early distal control of the 
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Fig 1.—Gunshot wound to the right aortoiliac junction with acute 
pseudoaneurysm. Sigmoid colon and ureter injuries are depicted. 


vascular injury. Once the hematoma was opened, we achieved 
vascular clamp control of the external iliac artery at the undersur- 
face of the inguinal ligament. Complete control of the injury 
required initial digital tamponade, followed by the application of 
tape about the internal iliac artery near the pelvic brim. We noted 
that the proximal external iliac artery sustained a significant 
disruption, 2 cm in length (Fig 5). 

The internal iliac artery was carefully mobilized to protect the 
left ureter. The internal iliac artery was ligated distally at the 
level of the middle hemorrhoidal vessels and then mobilized to 
approximate the débrided end of the external iliac artery. An end- 
to-end anastomosis was created without tension between the 
transposed internal iliac and distal external iliac arteries (Fig 6). 
Associated small-bowel injuries were primarily repaired and a 
sigmoid colon injury was exteriorized as a colostomy. An omental 
pedicle was mobilized and directed along the left gutter to fill the 
pelvic defect and cover the arterial repair. The patient did well 
and was discharged 6 days after the operation. The results of the 
lower-extremity vascular examination were normal 3 years after 
repair. 


COMMENT 


These cases of penetrating iliac vascular trauma feature 
the hemodynamic instability and multiple associated vis- 
ceral injuries that are typical of this troublesome injury. 
The importance of restoring vascular integrity after iliac 
vascular trauma has been substantiated by the surgical 
experiences with these injuries in World War II and the 
Korean and Vietnam conflicts.” The high frequency of 
other abdominal injuries and the associated hemorrhagic 
shock contribute to the significant morbidity and mortality 
seen with iliac arterial trauma. Bowel and genitourinary 
tract injuries are noted to oceur in 70% of these cases. +! 
In most situations, definitive management of associated 
abdominal trauma should follow a timely repair of the 
vascular injury to reduce the incidence of lower-extremity 
ischemic complications. Expeditious vascular repair has 
been found to significantly reduce limb loss and morbidity 
from these injuries.” 
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Fig 2.— Vascular control, débridement, and mobilization of the right 
common iliac artery for anastomosis. 


The need for early recognition and repair of iliac vessel 
trauma has been emphasized in other reports, including an 
earlier study from our institution.*'* Surgeens should 
attempt to achieve adequate débridement and a tension- 
free primary anastomosis between healthy ends of vessel 
whenever possible. When a long-segment injury mitigates 
against primary repair, we recommend an interposition 
graft of autologous internal iliac artery or ef reversed 
saphenous vein. Ligation of the ipsilateral iliac system 
with a cross femoral-to-femoral bypass is another option 
for restoring lower-extremity arterial continuity under 
these circumstances. 

Proponents of prosthetic grafts for acute vasculartrauma 
cite the advantages of having a variety of graft sizes 
available to match the size of the injured vessel and the 
rapidity with which vascular repair can be performed. 1-14.15 
Although disputed by some, these proponents also cite a 
reduced risk of exsanguinating hemorrhage frem mterpo- 
sition graft blowout when a prosthetic graft is chosen over 
venous interposition grafting.'**° The trade-off, of course, 
is the complications and mortality associated with late 
perigraft infection.” 

The known progressive intimal hyperplastic narrowing 
at the prosthetic graft anastomosis and the lifelong risk of 
perigraft infection in these predominantly young patients 
also led us to avoid prosthetic grafts in acute vascular 
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Fig 3.—Completed anastemosis between the right and left common 
iliac arteries. Ureteral repair and sigmoid colostomy are depicted. 





Fig 4.—Postoperative aortogram. Curved arrow indicates area of 
aortic injury repair; straight arrow, anastomosis of the right and left 
common iliac arteries. 
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Fig 5.— Injury to the proximal external iliac artery. 





Fig 6.—Débridement of the injured external iliac artery and anas- 
tomosis of the transposed internal iliac to the distal external iliac 
artery. 
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trauma.” Mycotic pseudoaneurysm formation and su- 


ture-line hemorrhage occur commonly when prosthetic 
grafts are used under these circumstances.” We question 
the soundness of using any prosthetic interposition graft 
in the seriously contaminated wound*”’ (oral communica- 
tions, William W. Snyder III, MD, and Erwin R. Thal, 
MD, University of Texas, Southwestern Medical School, 
February 1988). When left in a contaminated wound, 
autologous grafts are also prene to bacterial dissolution 
and massive bleeding from the graft itself.'** In the setting 
of extensive gastrointestinal contamination and local tissue 
injury, thoughts of interposition grafting are generally 
best abandoned. Instead, surgeons should consider pri- 
mary vessel ligation followed by extra-anatomic bypass 
with autologous vein to restore circulation to the extremity. 
The technique of common iliae arterial transposition that 
we describe is also an effective means of displacing the 
vascular repair from the area of contamination. 430.31 


This report illustrates two methods of iliac arterial 
transposition that accomplish primary arterial repair of 
significant iliac arterial trauma. This approach eliminates 
the use of any interposition graft. It accomplishes arterial 
reconstruction with viable native arterial tissue of similar 
diameter and character as the injured vessel.***** The 
additional time and possible morbidity involved with vein- 
graft harvest from the leg is avoided. Finally, we should 
consider the liberal use of omental coverage of any arterial 
repair associated with significant contamination to provide 
additional protection from infectious processes that may 
lead to anastomotic disruption. +3 

We present this approach as an alternative means to 
manage complex iliac arterial trauma. It should be consid- 
ered whenever it is anatomically feasible. 


The authors thank Scott Bodell, MA, and Mary Ann Zapalac, University 
of Texas Health Science Center, Dallas, for contributing illustrations for 
this article. 
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Heterotopic Ossification Within the 


Small-Bowel Mesentery 


Mark A. Myers, MD, John P. Minton, MD, PhD 


è Heterotopic bone formation has been previously noted in 
abdominal laparotomy scars, but the presence of ectopic bone 
within the peritoneum is extremely rare. Our patient had 
recurrent formation of heterotopic bone involving the abdom- 
inal wall, peritoneum, and small-bowel mesentery. The fea- 
tures of various types of ectopic calcification are discussed, 
and several theories concerning the pathogenesis and treat- 
ment of heterotopic ossification are examined. 

(Arch Surg 1989;124:982-983) 


per calcifications have been described in the litera- 
ture under more than a dozen names, but they may 
be classified by histologie characteristics into two broad 
groups—dystrophic calcification and heterotopic ossifica- 
tion. Deposition of amorphous calcium without osteoblasts 
has been referred to as dystrophic calcification, or calci- 
phylaxis. These terms are preferable to the term ectopic 
mineralization, which has also been used to refer to 
organized tissues with the histologic characteristics of 
normal bone. Such tissues are better designated hetero- 
topic bone formatien (HBF) or heterotopic ossification. 

Heterotopie ossitication differs from dystrophic calcifi- 
cation by the presence of osteoblasts and lamellar bone 
identical to that of native bone.' This syndrome is also 
referred to as newrogenic osteoma, pseudomalignant os- 
seous tumor of sofi tissue, myositis ossificans, or paraos- 
teoarthropathy. The latter two terms are better reserved 
for the description of two subsets of HBF. Myositis ossifi- 
cans is to some extent a misnomer, since muscle tissue is 
not involved in its pathogenesis.'* It is, however, used to 
designate heterotopic bone that is in muscle or that is 
adjacent to bene.* Myositis ossificans progressiva is a fatal, 
progressive condition of infancy,’ and myositis ossificans 
circumscripta is an intramuscular HBF that occurs after 
local trauma.’ Paraosteoarthropathy is the term frequently 
used to mean HBF in or near the joints. Other terms such 
as pseudomalignant myositis ossificans, fibrositis ossift- 
cans, or fibrodyspiasia ossificans are synonyms for het- 
erotopic ossification and may be replaced by the previously 
defined terms. 

Heterotopic bone formation has been associated with 
several conditions, most notably, total hip arthroplasty* 
and neurologic injuries, including brain and spinal cord 
trauma, eneephalitis,’? tetanus,®’ polio, and strokes.’ 
Neurogenic heterotopic ossification is seen in 20% to 30% 
of spinal cord-injured patients.'* It occurs exclusively 
below the level of the cord lesion and primarily affects the 
hips and knees.* Many theories have been suggested te 
explain these phenomena. Proposed etiologic factors have 
included allergic hypersensitivity, venous abnormalities, 
neural factors, and local trauma.° 

In addition to these more common presentations, HBF 
has been reported in surgical scars from midline vertical 
incisions of the anterior abdominal wall.*"' We treated a 
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patient who was remarkable because of the presence of 
intraperitoneal involvement and heterotopic bone within 
the small-bowel mesentery. These locations provide a new 
perspective from which to evaluate theories of heterotopic 
bone pathogenesis. 


REPORT OF A CASE 


A 57-year-old man was admitted to The Ohio State University 
Hospital, Columbus, in February 1988 with complaints of nausea, 
vomiting, abdominal pain, and distention; obstipation of four days’ 
duratien; and a 9-kg weight loss in the preceding two months. He 
had had multiple previous abdominal surgeries, the most recent 
four months before admission. 

In 1984, four years before the current admission, the patient 
was discovered to have adenocarcinoma of the colon and underwent 
resection of the right colon. In 1985, a second-look exploratory 
laparatomy was performed, with removal of tumor from the celiac 
plexus. In October 1987, four months before the current admission, 
he returned to the hospital with right-sided abdominal pain of 
several months’ duration. Physical examination at that time 
revealed a firm mass in the right flank, and computed tomography 
showed a 24-cm region of abnormality on the anterior surface of 
the right psoas muscle in the vicinity of the cecum. This was 
thought to be recurrent carcinoma. Operation disclosed extensive 
calcification of the abdominal wall at the site of the previous 
surgical incision and dense adhesions throughout the abdomen. 
As the small bowel was dissected free, several small calcifications 
were uncovered. Further dissection disclosed multiple irregular 
calcific structures with branched cylindrical shapes ranging in 
size from 1.6x0.2x0.§ em to 12.5x1.8x1.1 em. Microscopic 
examination of decalcified sections showed mature lamellar bone 
with fatty marrow and focal osteoblastic activity (Figure). There 
was ne evidence of metastatic carcinoma at that time, and the 
patient was discharged free of symptoms after an uneventful 
recovery. 

The patient next became symptomatic in December 1987, when 
he experienced nausea, vomiting, abdominal pain, and distention. 
Roentgenograms obtained at that time showed an incomplete 
small-bowel obstruction. Symptomatic recovery was achieved after 
nasogastric tube decompression of the stomach and intravenous 
hydration, and he was discharged having regular bowel function 
and tolerating a normal diet. 

These symptoms recurred in Febrygry 1988, leading to the 


Decalcified section of abdominal heterotopic bone. Note trabecular 
pattern and presence of fatty marrow (hematoxylin-eosin, x 150). 
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current admission, Physical examination revealed a cachectic man 
who was afebrile with stable normal vital signs. Abdominal 
examination disclosed involuntary guarding and occasioral rushes 
of bowel sounds. No focal tenderness, palpable mass, or evidence 
of organomegaly was present. Rectal examination results were 
normal, with guaiac-positive stool, and the remainder of the 
physical examination results were normal except for generalized 
muscle wasting. Initial laboratory values were within normal 
limits for calcium (2.45 mmol/L), inorganic phosphorus 
(1 mmol/L), and alkaline phosphatase (49 U/L). Other studies 
disclosed only mild hypoproteinemia and a hypochromic, micro- 
cytic anemia. 

Conservative treatment was initiated, with nasogastric decom- 
pression, intravenous hydration, and infusion of packed red blood 
cells. The patient was given meperidine hydrochloride, intrave- 
nous ranitidine, and mineral oil by nasogastric tube. An upper 
gastrointestinal tract barium study demonstrated a normal esoph- 
agus and stomach. Small-bowel follow-through showed distention, 
with barium stopping after 30 minutes at a dilated loop of small 
bowel in the right upper quadrant, consistent with a virtually 
complete obstruction. On the second day after admission, a triple- 
lumen subclavian venous catheter was inserted, and parenteral 
nutrition was initiated. After several days without progression of 
the barium, the patient was given a brief course of prcphylactic 
antibiotics and underwent operation. 

At operation, he was again found to have substantial abdominal 
adhesions. The small bowel was dissected free, and the obstructed 
area was identified. An irregular calcified mass was noted within 
the basal pertion of the mesentery. The mass measured 
4.0 0.80.8 cm and was seen on decalcified section to contain 
lamellar bone and fatty marrow. In addition, there were two 
smaller bony fragments that seemed to be the cause of the 
obstruction, as well as a 1.4-cm nodule that proved to be metastatic 
adenocarcinoma. A section of small intestine was resected, and a 
side-to-side anastomosis was performed. Finally, a second tumor 
mass in the right iliac fossa was identified and debulked. The 
patient tolerated the procedure well and regained normal gastro- 
intestinal function shortly thereafter. 


COMMENT 


Heterotopic bone formation in laparotomy scars has been 
attributed to seeding of osteogenic cells from adjacent 
normal bone during primary operations." This idea is 
contradicted by the failure of HBF to occur in patients 
undergoing orthopedic operations on the extremities de- 
spite ample seeding.® It is further opposed by the findings 
in our patient, in whom heterotopic bone was formed within 
the mesentery without contaet with preexisting osseous 
tissues. 

The most prominent theory of the pathogenesis of 
abdominal heterotopic ossification involves the local differ- 
entiation of multipotent mesenchymal cells.” This is similar 
to what is thought to occur in other types and loci of HBF! 
Contributing factors may include venous stasis,***” 
edema,'” local trauma,?° inflammation,®* and local osteo- 
inductive factors. Such a factor has been identzfied and 
named bone morphogenetic protein. It causes chemotaxis, 
proliferation of mesenchymal cells, cartilage deposition, 
vascular invasion, and osteoblast-mediated osteogenesis. 
Finally, remodeling occurs with the formation of normal 
lamellar bone.” 

In our patient, no laboratory abnormalities suggested 
osteogenic activity. This is not always the case. Early in 
the course of the disease, studies have reported a transient 
decrease in serum calcium levels“ and an increase in 
creatine kinase levels.? These are followed by an increase 
in alkaline phosphatase levels that may be sustained for 18 
weeks.™ Elevations of alkaline phosphatase levels can 
indicate osteoblastic activity’ and can be used to detect 
HBF early in its course. The normal level in our patient 
suggested mature heterotopic bone, which was supported 
by the finding of a mature histologic pattern and the 
presence of marrow. 
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Radiologic studies are also useful in the diagnosis of this 
disorder. The earliest diagnosis can be made with the 
three-phase radionuclide bone scan." This evidence will 
precede elevations in alkaline phosphatase levels, which 
occur before the diagnosis can be made by plain roentgen- 
ography." In addition to the diagnosis, these studies are 
useful in determining the maturity of ectopic bone, which 
is valuable in planning treatment, since immature bone 
tends to recur after excision. 

Once identified, HBF presents a therapeutic challenge 
because of its tendency to recur. Heterotopic bone causing 
intractable symptoms or functional limitations requires 
surgical treatment. At that point, there are several ways 
to help prevent recurrence, including loca! radiation ther- 
apy or treatment with diphosphonates or anti-inflamma- 
tory agents. Radiation is effective in prevention of 
recurrence? and in prophylaxis after total hip arthro- 
plasty.” Diphosphonates, especially etidronate disodium, 
are also effective in both situations.'*"*"* These serve to 
delay mineralization and to reduce the quantity of ectopic 
bone, but only as long as the drugs are being adminis- 
tered.'* Finally, anti-inflammatory drugs have been shown 
to reduce the incidence and severity of heterotopic bone 
formation.” 

To our knowledge, we have described the first case of 
recurring intraperitoneal HBF, including one locus within 
the small-bowel mesentery. Because the HBF occurred in 
a site not exposed to osteogenic cells, this case provides a 
new perspective on the currently held theories of hetero- 
topic bone pathogenesis. 
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Brief Clinica! Note 


Can the Common Bile Duct Drain Into 
the Fourth Part of the Duodenum? 


Trevor C. McQuillan, MB BS, FRACS, Lindsay Castles, MB BS, FRACS 


è An interesting case masqueraded as a case of the com- 
mon bile duct entering the fourth part of the duodenum; this 
is an extremely rare anomaly. A review of the literature was 
performed. Surgeons should be cautioned about this anomaly 
with regard to operative procedures for treatment. 

(Arch Surg 1989;124:984-985) 


Tonie drainage of the common bile duct is rare and 
drainage into the fourth part of the duodenum has 
been reported in only two eases in the literature. This 
report was prompted by the finding at operation of the 
common bile duct apparently emptying into the fourth part 
of the duodenum, later refuted by T-tube cholangiography. 
This case demonstrates an important pitfall in the inter- 
pretation of intraeperative cholangiography and we sug- 
gest this finding be regarded with some suspicion. 


REPORT OF A CASE 


A 40-year-old woman was admitted with a one-week history 
consistent with acute cholecystitis. Her serum bilirubin level was 
55 wmol/L, and an ultrasound examination suggested a stone at 
the lower end of the common duct. At laparotomy, there was 
incipient gangrene o° the gallbladder, which contained no stones. 
An operative cholangiogram via the cystic duct showed a dilated 
common duct passing across the midline, off the left extremity of 
the film. A second film (Fig 1) suggested the common duct entered 
the fourth part of the duodenum with a free flow of contrast. A 
supraduodenal choledoehotomy and exploration of the duct re- 
vealed “sludge” but no stones. A T tube was inserted. Postopera- 
tively, no complicaticns arose. A postoperative T-tube cholangio- 
gram (Fig 2) demonstrated a surprisingly normal anatomy, with 
entry of the common bile duct into the third part of the duodenum. 
The T tube was removed on the tenth day, and there have been no 
further problems. 


COMMENT 


Ectopic drainage of the common bile duct was described 
as early as the 16th century by Vesalius, but the incidence 
is rare, and to date, there has been a total of fewer than 50 
cases in the literature.! The majority of these reports 
involve the junction of the duct with the antrum of the 
stomach (five cases), the first part of the duodenum (18 
cases), and the third part of the duodenum (20 cases). 

In 1985, Doty et al? reported two cases from the UCLA 
School of Medicine. Both of these patients were under the 
age of 3 years anc presented with episodes of abdominal 
pain and jaundice associated with hyperamylasemia. At 
laparotomy, they both had chronic cholecystitis that was 
confirmed histologically, but they had no gallstones. In 
each patient, the common bile duct was dilated. The 


drainage of the common bile duct appeared to be poor, and 
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Fig 1.—Cholangiogram shows that common bile duct seems to 
enter fourth part of duodenum with free flow of contrast. 


Fig 2.—Postoperative T-tube cholangiogram shows surprisingly 
normal anatomy, with entry of common bile duct into third part of 
duodenum (arrow). 
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in each patient, the duodenum was mobilized to relieve the 
apparent obstruction. Both patients eventually underwent 
choledochojejunostomy because of recurring jaundice. 
Our case is similar to those cases reported by Doty and 
colleagues’: the presentation with jaundice and dilated 
extrahepatie ducts, together with the absence of stones at 
operation. At operation, the question arises as to whether 
the obstruction is caused by the apparent anatomical 
anomaly. Only after the T-tube cholangiogram were we 
able to exclude this possibility. It is interesting to note the 
relative normality of the postoperative cholangiograms 
compared with the intraoperative pictures in the report by 


Doty et al? We can only presume that intraoperative 
distortion of the anatomy created the grossly abnormal 
appearance in our case and would sound a warning that 
surgeons should not be misled by this appearance into 
performing more complex procedures than may be neces- 
sary. 
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Invited Editorial Comment 


The case reported by McQuillan and Castles in which a 40-year- 
old woman was believed to have anomalous drainage of the common 
bile duct into the fourth portion of the duodenum after a one-week 
history of upper abdominal discomfort, consistent with cholecys- 
titis, may represent a different anomaly than that described by 
Doty and colleagues? in 1985. In the previously published report, 
two young children were found to have repeated episodes of 
abdominal pain and jaundice, together with hyperamylasemia. No 
cholelithiasis was doeumented in either case. Preoperative and 
intraoperative cholangiographic contrast studies clearly demon- 
strated that the common bile duct entered the fourth >ortion of 
the duodenum, far beyond the lower end of the “C loop.” The entire 
ampulla appeared to be located in this position in both patients. 
Because of prolonged attempts at medical therapy, and operative 
treatment in one patient, none of which were successful in relieving 


the obstruction to the common bile duct, both patients were 
treated with a Roux-en-Y jejunostomy to the lower bile duct. The 
conditions of both patients improved dramatically after the oper- 
ation; one patient has now had a nine-year follow-up. 

As McQuillan and Castles indicate, anomalous drainage of the 
common bile duct into the distal duodenum is extremely rare and, 
in most cases, will produce symptoms before the patient reaches 
adulthood. It is difficult to explain the nature of the obstruction 
and unusual initial appearance on the cholangiogram of the patient 
described in the present report. The importance of obtaining an 
intraoperative cholangiogram is evident. If there is any question 
regarding the anatomical abnormality, T-tube drainage would 
appear to be optimal as McQuillin and Castles indicate. 

Eric W. FonKALsrup, MD 
Los Angeles 
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ARCHIVES OF NEUROLOGY 


Duplex Ultrasound and Ocular Pneumoplethysmography Concordance in Detecting Severe 


Carotid Stenosis 


John E. Castaldo, MD; Gary G. Nicholas, MD; William Gee, MD; James F. Reed, PhD 


Coneordance between two independent tests should serve to increase the accuracy of diagnosis. A 
combination of ocular pneumoplethysmography and duplex ultrasound, which uses high-resolution B-mode 
imaging plus spectral analysis, was used to evaluate 289 consecutive patients prior to biplane carotid 


angiography. Where there was concordance, the noninvasive tests predicted the presence or absence of 
hemodynamically severe carotid stenosis (75% or greater cross-sectional area reduction) with a sensitivity 
of 96.8%, a specificity of 95.9%, an accuracy of 96.2%, and positive and negative predictive values of 91.0% 
and 98.6%, respectively. Of the 538 study arteries, only four (0.74%) angiographically severe lesions escaped 
detection by both noninvasive tests. Sources of diagnostic error for both tests were defined. We believe that 
the-combination of duplex ultrasound and ocular pneumoplethysmography significantly improves the overall 
assessment of carotid atherosclerosis (Arch Neurol. 1989;46:518-522). 
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Technique 


Closed Endarterectomy 


Preferred Operation for Aortoiliac Occlusive Disease 


Rard M. H. Widdershoven, MD, Harry H. LeVeen, MD 


e Closed endarterectomy using the LeVeen plaque cracker 
was performed on isolated, clamped segments of the un- 
opened aorta, iliac, and femoral arteries. The results of this 
type of endarterectomy have been analyzed for 111 patients 
who were followed up from 21⁄2 to nine years. The five-year 
patency rate was 99%. After nine years, 96.5% of the vessels 
that underwent surgery remained functionally and radiograph- 
ically patent. Closed endarterectomy is a substantial improve- 
ment over conventional open or half-closed endarterectomy. 
The closed endarterectomy takes less time, entails little or no 
blood loss, and is accomplished through a retroperitoneal 
approach. The aortofemoral bypass graft is inferior to the 
closed endarterectomy in morbidity, mortality, patency, and 
alleviation of impotence. Late complications with bypass 
grafts, using synthetic material, are more numerous and life- 
threatening. 
(Arch Surg 1989;124:986-990) 


ibe open endarterectomy technique has been the choice 
of a few vascular surgeons when the disease was limited 
to the aorta and common iliac arteries. Unfortunately, 
atherosclerotic stenosis is limited to this area in only 10% 
to 15% of patients. ° 

The criticism of endarterectomy has been that it involved 
considerable blood loss and was more technically demand- 
ing than placement of a bypass graft. The majority of 
surgeons have avoided the supposed problems by the 
exclusive use of the bypass technique,’ and most surgeons 
have had no experience with extended disobliteration. 
Nevertheless, disobliteration still has its protagonists.*° 
LeVeen et al” greatly simplified this type of surgery by 
the introduction cf the so-called plaque cracker, which 
enables the disobliteration to be performed on the un- 
opened artery (closed endarterectomy). It was to compare 
our experience with closed endarterectomy to our experi- 
ence with bypass grafts that this study was done. The 
following considerations were compared: ease of perfor- 
mance, time required, early and late results, and early and 
late complications. 


PATIENTS AND METHODS 


The investigation involved 111 patients undergoing surgery for 
aortoiliac disease at Sluiskil, the Netherlands, between August 
1977 and August 1984. This surgery involved restoration of 
circulation to 211 lower limbs. There were 84 men and 27 women 
whose mean age was 60 years, with a distribution from 35 to &2 
years. Women outnumbered men in the group older than 70 years. 
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Fifty-two patients had pain at rest and 14 patients had either 
impending gangrene or trophic changes of the toes; the remainder 
had intermittent claudication of great severity. Thus, 60% of the 
patients suffered symptoms referable to severe ischemia, and the 
remainder to moderately severe ischemia. Angiograms were done 
preoperatively on all patients. Narrowing or occlusion was limited 
to the aorta and/or common iliac arteries in only 22 patients, while 
in the others, the disease was more extensive. The operation was 
limited to the aortoiliac segment in 31 patients and was combined 
with disobliteration of the external iliac and common femoral 
arteries in 80 patients. In 11 patients, unilateral disobliteration of 
the iliac and common femoral vessels was all that was required. 
Many operations were completed with a profundaplasty if ischemic 
symptoms or signs were referable to the peripheral vessels and 
the opening into the profunda femoris artery was stenotic. 


TECHNIQUE OF THE CLOSED ENDARTERECTOMY 


The plaque cracker, in its present form, is an instrument having 
two dull metal blades: one fixed and one movable (Fig 1).7 The 
unopened atherosclerotic artery is placed between the blades and 
the spring-loaded mobile blade strikes the vessel and compresses 
it with a sudden impact of 4000 g cm (Fig 2). 

The impact transects the brittle intima inside the unopened 
vessel, yet does not injure the adventitia. The cracker is used (at 
different levels) proximally in the aorta and distally in the iliac 
vessels to transect the intima from where the dissection of the 
intima is begun. The thickened intima between these transected 
pointsis mobilized by squeezing the intima between the thumbnail 
and the forefinger. Once started, the plaque is easily milked or 
extruded by gentle pressure pushing the plaque toward a small 
transverse arteriotomy, where is it expressed much like squeezing 
toothpaste from a tube. If the technique is properly performed, 
formation of a dangerous distal intimal flap (with subsequent 
occlusion by thrombosis) is avoided and fragmentation of the 
proximal plaque is infrequent. The distal rim of the intima remains 
attached to the media as proved by microscopical studies.’ This 
fortuitous situation makes it unnecessary to suture distal intima 
to the adventitia. This closed disobliteration technique is suitable 
for use with a retroperitoneal approach to the aorta and iliac 
vessels. The retroperitoneal approach, in itself, offers a distinct 
advantage in lowering postoperative morbidity.**” 


THE OPERATION 


With the patient supine and the table rotated 30° to the left, a 
long, oblique incision is made from the tip of the tenth rib (or the 
ninth rib) to the femoral point. The muscles are transected or split 
to expose the retroperitoneal fat, which is reflected toward the 
midline with the peritoneum. Gerota’s fascia is incised to avoid 
reflecting the kidney. The infrarenal aorta and iliac vessels are 
exposed on both sides to their bifurcations. The aorta is cireum- 
ferentially dissected only where the upper end of the plaque is to 
be transected or cross clamps or tapes are to be applied. It is not 
otherwise dissected or mobilized circumferentially. The iliac ar- 
teries are also dissected at the sites where tapes or occlusive 
clamps are applied (Fig 3). The plaque cracker is placed across 
the aorta. Three impacts may be necessary to sever the aortic 
plaque. The plaque is milked downward and an occlusive clamp is 
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Fig 1.—Plaque cracker, in its pres- 
ent form, has two dull metal blades, 
one fixed and one spring-loaded 
and movable. 


applied across the disobliterated segment (Fig 4). Occlusive clamps 
or tapes are placed on both iliac arteries below the bifurcation to 
isolate the segments later to be disobliterated. Bulldog clamps 
are placed on the left iliac arteries below the bifurcation of the 
common iliae artery (Fig 5). The left common iliac artery is first 
emptied of plaque. The atherosclerotic plaque in the left common 
iliac artery is severed with the plaque cracker just above the 
takeoff of the internal iliac artery and again just below che aorta. 
The severed edge below is milked upward and the severed edge 
above is milked downward. When mobile, a transverse incision is 
made in the common iliac artery 3 cm below the bifurcation. The 
plaque is expressed or extruded through the arteriotomy. The 
occlusive clamp on the left common iliac artery at the aortic 
bifurcation is removed. Next, the plaque in the right common iliac 
artery is severed and milked upward with the plaque im the left 
common iliac artery. The plaque in the aorta is milked downward 
into the left common iliac artery and extracted. Lastly, the right 
common iliac artery is emptied and the plaque milked into the left 
common iliac artery for extraction. The clamp is placed on the left 
common iliac artery and the aortic and right common iliac artery 
clamps are removed (Fig 6). Further occlusive plaque at lower 
levels is attacked in the same manner with application of occlusive 
clamps to isolate the area operated on. The arteriotomy in the left 
iliae artery should not be closed until the disobliteration has been 
completed. After irrigation with a saline solution, the arteriotomy 
is closed, maintaining the incision under tension so that the suture 
line is not narrowed during closure. The endarterectomy may be 
similarly extended into the femoral artery. The material may then 
be expressed through an arteriotomy in the common femoral 
artery. Disobliteration of the deep and superficial femoral arteries 
can be successfully accomplished at their orifices. 

If care has been exercised not to loosen the intima at the distal 
end of the dissection, the distal intima need not be sewn. Thin, 
flexible intima does not cause occlusion and should be disregarded. 


RESULTS 


Four patients died within 30 days of the operation and 
22 patients died during the late follow-up, leaving 85 
patients available for long-term follow-up. (This involved 
restoration of circulation to 164 limbs.) The early postop- 
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Fig 2.—Atherosclerotic artery is placed between two blades. Spring-controlled pressure opposes 
vessel walls (left). Impact of 4000 g cm is abruptly applied to vessel (right). 


erative deaths had severe atherosclerotic disease with pain 
at rest and were considered to have incipient gangrene. 
Hypertension, ischemic heart disease, or both were pres- 
ent in all. Surgery was done to avoid amputation in these 
poor-risk patients, whose mean age was 67 years. Deaths 
were caused by postoperative myocardial infarction corrob- 
orated at autopsy. Two instances of preventable bleeding 
from the arterial closures of the external iliac vessel and 
one from the aorta were early complications. Bleeding was 
controlled by oversewing the vessel. In all three cases, the 
second operation was performed through the original 
retroperitoneal approach. Two patients suffered embolisms 
during or immediately after the surgery and required a 
second operation. In one patient, an embolus was removed 
with a Fogarty balloon catheter. In the other patient, a 
femorotibial bypass was performed at a later date. Vessel 
patency was restored in both. 

The patency rate has remained at 96.5% by palpation 
and blood pressure of the femoral artery for 2% to nine 
years,. Follow-up arteriograms by digital subtraction were 
performed in 73 patients (156 limbs). Only 12 patients had 
no follow-up arteriogram. Five patients refused the angi- 
ogram and one was unsuccessful. Six patients were well 
and without symptoms referable to peripheral vascular 
disease and were considered too frail to undergo tests, 
which did not influence therapy. Insignificant residual 
narrowing of about 15% was demonstrated at the suture 
line in 21 iliac arteries, Occlusion was present in one 
patient. Reocclusion requiring further surgery occurred in 
five cases (all more than seven years after the operation). 
One patient was successfully treated by transluminal 
angioplasty and the others by aortobifemoral or iliac- 
femoral bypasses. Dilatation in the disobliterated segments 
was seen twice. In both cases, the iliac or femoral arteri- 
otomy, which was the site of dilatation, was closed with a 
Dacron patch. 

Male potency was not subjectively influenced by the 
surgery. The status of sex function was determined in 
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Fig 3.—Atheroscierotic aorta and retroperitoneal incision. Tapes 
are placed around internal and external iliac arteries. Femoral 
arteriotomies may be required. 


by 5.—Occlusive clamp is placed across disobliterated segment 
aorta. 
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Fig 4.— ransected aortic intima is expressed distally, using thumb- 
nail and “orefinger. 


almost all cases postoperatively. Five patients died be- 
tween -he time of operation and the late follow-up on 
potency. Of the remaining 79 male patients, three could not 
be questioned because of mental invalidity, leaving 76 
patients for follow-up. 

Before the operation 54 men stated that they were 
normally potent. Postoperatively, 20 patients believed that 
their petency was diminished and two were totally impo- 
tent. Highteen of 74 patients complained of retrograde 
ejaculation in the immediate postoperative period, which 
disappeared in three months to three years. 


COMMENT 


The insertion of a synthetic aortoiliac graft usually has 
been considered the preferred treatment, because it was 
thought to be safer and easier to perform than an endar- 
terectomy. In comparison studies, the early mortality and 
pateney rates with either approach are similar.“ Why 
then has the insertion of a synthetic graft been preferred? 
Most discussion of the problem has focused on the operation 
itself: there is a greater blood loss," the conventional 
endarterectomy takes longer," and the technique cannot 
be used in the presence of calcification or an aneurysm. 
Indeed, it has been bluntly said that the operation for the 
insertion of a synthetic graft is “shorter, simpler and 
safer.”* The only basis for this statement is the comparison 
of open endarterectomy with bypass grafts. With the closed 
endarterectomy employing the LeVeen plaque cracker, 
disobliteration is performed as a closed operation on un- 
opened segments of vessels. There was less than 100 mL 
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Fig 6.—Possible points at which intimal plaque can be transected, removal of dissected intima through small transverse arteriotomy, and 


possible sequence for plaque removal. 


of estimated blood loss. Except for the three patients 
whose conditions were complicated by postoperative bleed- 
ing, none required an intraoperative or postoperative 
transfusion. To our surprise, the operation required less 
time than bypass operations or open endarterectomy. This 
is probably because bypass grafts require three anasto- 
moses in contrast to the single short closure of a transverse 
endarterectomy. 

The long-term patency rate in this series was 99% after 
five years and 96.5% after nine years. All patients were 
regularly examined in our clinic and the presence of a 
satisfactory femoral pulse was confirmed almost every six 
weeks. Systolic blood pressure measurements, using ultra- 
sound, were done yearly in the follow-up period and 
compared favorably with brachial arterial pressure. Digital 
subtraction arteriography was.done on 73 patients between 
21⁄2 and nine years after the operation. Severe stenoses 
occurred in four and total occlusion in one limb. These 
patients underwent further successful operations. Slight 
narrowing (15%) was found on angiography in 17 patients, 
but in none was it of hemodynamic significance. Such 
narrowings, if more severe, would be ideally suited for 
transluminal angioplasty. Angioplasty is less useful when 
stenosis involves synthetic grafts. Our overall results with 
closed endarterectomy are superior to the late results 
reported for aortic bypass surgery where ten-year patency 
rate was only between 70% and 78% and between 77% and 
86% after five years." 

Not enough attention has been paid to the possible long- 
term disadvantages of using a synthetic graft. Aneurysms 
at the anastomotic suture line occur in approximately 2% 
to 3% of patients and they are difficult to treat.'"*!" The 
double-velour grafts have not prevented these anastomotic 
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Fig 7.—Redesigned plaque cracker with adjustable opening be- 
tween blades to avoid possibility of vessel severance. 


aneurysms." In this series, the only dilatation was caused 
by excessively large patch angioplasties (two cases). 

The risk of infection is higher in the presence of foreign 
material. The occurrence of infection was estimated by 
Lakweg and Greenfield to be between 1% and 3%.” Early 
infection of grafts occurs in 1.2% of vascular synthetic 
replacements.” Approximately 56% of prostheses become 
contaminated intraoperatively, and graft infection occurs 
in a small percentage of contaminated cases.*! Others 
believe that the bacteria reside in the arterial wall and that 
graft infections occur only in those patients with positive 
arterial cultures.“ Whatever the pathogenesis, vascular 
prostheses become infected despite improved techniques 
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and antibiotics. Graft infections can occur many years after 
insertion, as the result of a relatively innocuous bacteremia. 
Blood vessel enter:c fistulas have occurred in 0.4% of aortic 
synthetic prostheses. Repeated surgery for aortic aneu- 
rysms, infection, graft occlusion, and enteric fistula entails 
considerable risk and frequent mortality. The 2% to 3% of 
late infections of prostheses are rarely calculated in the 
statistics on bypass grafts. 

The presence af a modicum of calcification is not a 
-contraindication to the procedure, but the LeVeen tech- 
nique should be avoided when there is advanced calcifica- 
tion, because the remaining adventitia is too thin for 
suturing. Leakage caused by the presence of calcified 
spicules, which penetrate the adventitia, is an additional 
serious problem. 

The retroperitoneal approach reduces the mortality and 
morbidity of aortic surgery. The retroperitoneal approach, 
as described in tkis communication, is a modification of 
that described by Helsby and Moosa.: The patients are 
allowed out of bed the day after the operation, since there 
is no danger of evisceration with wound dehiscence.” 


Peristaisis recovered in all patients by the third postoper- 
ative day. Nasogastric intubation was unnecessary. 

The operation did not adversely influence male potency 
as does bypass surgery. Six patients who complained of 
diminished potency before the operation had restoration 
of sexual function. Eight patients who complained of 
serious-disturbance in potency in the early follow-up period 
recovered in five months to two years. 

Recently, Bengoechea et al?’ have compared the closed 
endarterectomy with their former custom of bypass graft- 
ing for extensive arteriosclerotic disease of the aorta and 
iliac and femoral arteries. They also concluded that there 
were no advantages to the insertion of synthetic grafts, 
which are subject to serious and sometimes fatal early and 
late complications, and that closed endarterectomy was a 
superior operation. 

The plaque cracker has been further improved with a 
pistol grip, so that it requires only a single hand for its 
use. A small opening can be set between the blades to 
prevent inadvertent severance of smaller vessels, such as 
the carotid arteries (Fig 7). 
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Editorial Comment 


To place this article in proper perspective, the reader is 
cautioned that the limited data provided preclude thoughtful 
analysis of the results of closed endarterectomy. In the strict 
sense, a closed endarterectomy was not performed, because an 
arteriotomy was required. That the plaque cracker can precisely 
transect the intimomedial layer of an artery, without subsequent 
distal subintimal dissection, seems reasonable. That all intimo- 
medial disease, ordinarily meticulously removed by open endar- 
terectomy or excluded from the circulation by bypass techniques, 
can be completely and meticulously removed by this technique 
(which employs squeezing diseased vessel wall through a small 
transverse arteriotomy) seems questionable. Notably lacking are 
angioscopy data documenting appearance of the disobliterated 
arterial segment. Although only two patients developed distal 
macroemboli, it is not noted how many patients developed distal 
microemboli. The true test of the safety and efficacy of this plaque 
cracking and squeezed endarterectomy technique would be appli- 
cation to the carotid artery; but this is disquieting and contrain- 
dicated without absolute proof that embolization of retained debris 
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will net occur. Aside from the limitations of the technique itself, 
objective life-table follow-up data are not provided; and, conse- 
quently, to conclude that this is the “preferred operation for 
aortoiliae occlusive disease” is not justified. The efficacy of 
conventional endarterectomy for segmental aortoiliac occlusive 
disease is widely accepted. Its clinical application, however, has 
been limited by the extensiveness of aortoiliac occlusive disease 
encountered by most vascular surgeons. Although the technique 
described may have some merit, the authors simply have not 
provided sufficient data to prove that it is superior, or even equal, 
to bypass reconstruction. Superiority of either operation can only 
be determined by comparing results from a prospective, random- 
ized study. Until such data are available, aortofemoral bypass will 
remain the standard, in spite of its shortcomings. Clearly, the 
ideal operation for aortoiliac occlusive disease has not yet been 
described. 

CALVIN B. Ernst, MD 
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Medicine: Preserving the Passion 


To the Editor.—We were disappointed 
that the review! of our book Medicine: 
Preserving the Passion that appeared 
in the February issue of the ARCHIVES 
clouded our purpose, scope, and cen- 
tral thesis, all clearly expressed in our 
preface. To dispel the nebulesity in 
the review, we cite herein specific 
statements from our preface. 


The application of methods to enhance 
involvement and satisfaction in practice 
rewards the physician and his patients time 
and again. To capture these rewarding 
principles, we interviewed or surveyed 621 
physicians—academicians and private 
practitioners—as well as some spouses. 
.. . We... . sought those who used 
professional techniques that other practi- 
tioners might find useful. . . . This book, 
which synthesizes information derived 
from our interviews, other research, and 
experience, is intended to help physicians 
profit the most—intellectually, clinically, 
and emotionally —from their practice. Em- 
phasis is on methods that link education to 
specific patients’ problems. 
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Society of Thoracic Surgeons, September 10- 
13, Convention Center, Baltimore, Md. 

33rd World Congress of Surgery, September 
10-16, Toronto, Canada. Contact: Congress 
Canada, 73 Richmond St W, Suite 300, Toronto, 
Ontario, Canada M5H 124. 


October 


American Association for the Surgery of 
Trauma, October 5-7, Chicago, Ill. 

The American Society of Outpatient Surgeons, 
“The Basics of Office-Based Surgery Practice,” 
October 6-7, San Francisco, Calif; October 20- 
21, Washington, DC: and October 27-28, New 
Orleans, La. Contact: PO Box 33185, San 
Diego, CA 92103; (619) 692-9918. 

American Society of Anesthesiologists, Octo- 
ber 14-76, New Orleans, La. 

American College of Surgeons (Congress), Oc- 
tober 15-20, World Congress Center, Atlanta, 
Ga. 

American College of Surgeons, 1989 Annual 
Clinical Congress, October 15-20, Atlanta Hil- 
ton anc Towers (headquarters hotel)/Georgia 
World Congress Center and Omni Hotel, At- 
lanta, Ga. Contact: Assembly Department, 
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Our interviewees described individ- 
ual methods of optimizing time they 
devoted to reading medical journals, 
developing reprint files, using their 
personai information centers as well 
as institutional medical libraries, 
learning from informal discussions 
with colleagues and from formal med- 
ical consultations, preparing for post- 
graduate courses and conferences, 
learning from teaching, and linking 
self-education to individual practice 
problems through practice analysis. 
We also discuss how physicians can 
keep abreast of evolving social, ethi- 
cal, and economic problems; how fam- 
ilies car help; what special problems 
female physicians face; and how the 
computer can enhance the physician’s 
lifelong education. 

We sometimes used the precise 
words of our interviewees to preserve 
reality and identity. Memorable nug- 
gets of wisdom, expressed in quotable 
terms, were removed from fuller dis- 
cussions in the book to accompany 


American College of Surgeons, 55 E Erie St, 
Chicago, IL 60611. 

American College of Chest Physicians, Octo- 
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November 


Western Surgical Association, November 11- 
14, St. Louis, Mo. 

American Heart Association, November 13-16, 
New Orleans, La. 
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Cleveland Clinic Foundation, “Colorectal Dis- 
ease in 1990: An International Exchange of 
Medical and Surgical Concepts,” February 15- 
17, The Westin Cypress Creek Hotel, Ft Lau- 
derdale, Fla. Contact: The Cleveland Clinic 
Foundetion, Department of Continuing Educa- 
tion, 9500 Euclid Ave, TT31, Cleveland, OH 
44195-5241; 444-5696 (local), 800-762-8172 
(Ohio), or 800-762-8173 

The 11th Annual Meeting of the American 
Society of Outpatient Surgeons, February 
22-25, Sheraton Harbor Island East Hotel, San 


photographs of leading figures in med- 
icine and to illustrate and reinforce 
key parts of our conclusions. The 
words of the medica! leaders reflect 
their deep immersion in their profes- 
sion and the sense of fulfillment and 
enjoyment derived from their active 
involvement, hence the title Medicine: 
Preserving the Passion. Book review- 
ers and the many readers who have 
written or telephoned us have indi- 
cated that we fulfilled our stated pur- 
pose and that they found the book not 
only of practical use but interesting, 
readable, and inspirational. We be- 
lieve that readers of the book will 
benefit greatly from the collected wis- 
dom of their distinguished colleagues. 

PuL R. Manninc, MD 

Los Angeles, Calif 


Lois DEBaxkEy, PHD 
Houston, Tex 


1. Kaminski DL, reviewer. Arch Surg. 
1989;124:258. Review of: Manning PR, De- 
Bakey L. Medicine: Preserving the Passion. 
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Angeles County/University of Southern Cal- 
ifornia Medical Center, Surgical Forum, March 
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Contact: Director of Medical Education, Society 
of Graduate Surgeons, 5820 Wilshire Blvd, 
Suite 500, Los Angeles, CA 90036; (213) 937- 
5514. 


November 


The 11th World Congress of the Collegium 
internationale Chirurgiae Digestivae (CICD), 
November 3-7, Convention Centre, Hotel Taj 
Palace Intercontinental, Sardar Patel Marg, 
New Delhi, India. Contact: Manohar J. Joshi, 
MS, FRCS(Eng), FACS, 1194/23 Ghole Rd, 
Pune- 411005 India; (0212) 53698. 


Correspondence/Calendar 995 


The Surgery Boards Review Course 


: September 18-24, 1989 — Rochester, NY 
P October 4-10, 1989 — Chicago 
Nov. 3-5 — Philadelphia and Dec. 8-10 — Atlanta 


Now, a special update for your written or recertification or oral exam 


OBJECTIVES: METHODS: 
è To increase knowledge of surgical principles and practice e HOME STUDY MATERIALS consisting of a syllabus of 
e To prepare candidates to take written and oral board exams questions and answers with assignments 
è To provide a comprehensive review for recertification èe SEMINAR with projection slides and syllabus 
"The faculty was outst 


The most pleasant thing was learning a tremendous amount, "Accommodations were comfortable..."* 


_ not only from world-famous authorities but from people who are relatively unknown as well."* 


BASIC SURGERY Abdomen ea a scons Meal is to help you pass your written and oral, 
Anatomy Liver and Gallbladder Univesity of Fiubergh -7 or recertification exams. The seven day + 
Embryology Pancreas and Spleen John Corson, M.B., Ch.B. September and October courses cover 
Physiology Peritonitis Associate Professor of Surgery the full topic list. Three day reviews in the 
Body Fluids Abdominal Abscess es, š lom oe ae oral board cities just before exams are 
Electrolytes a Wall Ass't Clin, Pot Ortho Sugey — | mostly mock orals on the general surgery 
Acid-Base etroperitoneum Indiana University topics. Home study questions will be sent 
Blood Gasses a Hernias lever Fareed MD. before the course. Your best value is to 
Metabolic Response Breas rofressor of Path. and Pharmacology | repeat the seminar for half price the week 
Wound Healing Skin E Dort O ini, M.D. before both written and oral exams. 
Anesthesiology Head and Neck Coordinator of Resident Programs Topics and faculty are upgraded for each 
Shock Anatomy Lenox Hill Hospital, New York rogram. Our hotel rates are typically 
eee eacitation kanta S pepe’ Em ea L $75 to $95 single and $95 to $115 double. 
eedi g rauma Indiana University Please wait for instructions before buying 
ruson SPECIAL SURGERY Edwin Kaplan, M.D. travel tickets. 
ih a Thoracic Surgery Paremat y a E inde eras ** 
Transplantation Chest Wall/Pleura ee e “ae _ i 
Marcel Martin, M.D. 
Trauma Lung/Mediastinum Assistant Professor of Surgery LOWEST AIR FARES: Please call 
Burns Cardiac Surgery University of Illinois at Chicago toll-free 1-800-548-8185 and identify 
‘ Head oe ay ee ce en peace =p No sl yourself with this Osler course for special 
urgical Care uired Heart versi fares. 
Pre- and post-op Vascular Surgery ‘ices. Eiki oe 
pax a bzi The Great Veins Staff Surgeon p “remarkably complete and pleasant "* 
` H evelan inic roundation 
aaea S Peripheral Arteries. H. Harlan Stone. M.D PLACEMENT SERVICE: For a practice 
Medical Probl Veins and Lymp hatics Chairma Department of Su ery opportunity write or call 1-800-356-7537. 
edical £ rovlems Orthopedic Surgery Fakview Genaral Hospital, Clevélsad 
Infections Bone Disease Dennis Vane, M.D. "the most education for the money."* 
aera bee oN, J Arit e indiana University is FEES AND C.M.E. CREDITS: 
David Vogt, M.D. eSurgeon or Resident: Surg. Res. hrs. 
Esophagus Amputations Staff Surgeon À 
Stomac Hand Surgery Cleveland Clinic Foundation e3 day course: $390 $260 25 
Appendix Hand Anatomy Janeen Walenga, M.D. e7 day course: oM $720 $480 65 
Colon Hand Injuries Assistant Professor __ è Repeating course within 3 years: half price 
Hand Infecti Lagoia VENEM Cacio e Add 10% within 10 days of the course. 
Rectum and Anus an ections Robert Wil MD ò 
Pediatric Su Pan, Saar Attendees not in course hotel add $8/day. 
Endocrine rgery Chief of Thoracic Su à ° 
ic Surgery 
Thyroid Urologic Surgery Wayne State University 2 Fees do not include lodging or meals. 
Parathyroid Gynecologic Surgery Wilhelm Zuelzer, M.D. e $50.00 will reserve your position. 
Pituitary Neurosurgery Aesir Pome of Sugary e Most home study materials will be mailed 
Adrenal Plastic Surgery * Faculty for ae cise after half of registration fee is received. 
err eee eee eee eee " home study material was extremely helpful n% 


Limited Enrollment: SURGERY BOARDS REVIEW REGISTRATION 


GOALS AND LOCATION: The course 


REFUNDS: Subject to a $50 fee, refunds 


Name will be made until the seminar begins. 
e Cancellation after mailing home study 
Address material requires retention of half the fee. 
City/State/Zip "I feel [the course] helped me pass the boards."* 
Phone For: C] Sept. 18-24, 1989 — Rochester INFORMATION: 
LJ October 4-10, 1989 — Chicago Joseph H. Selliken Jr., M.D. 
THE OSLER INSTITUTE 


Mail today to: 


1094 Dawn Lane, Dept. A8 
P.O. Box 2218 C] Check is enclosed for $ 


Terre Haute, IN 47802 C] Please send more information. 


[O] November 3-5 — Philadelphia 


Terre Haute, IN 47802 
(800) 356-7537 or (812) 299-5658 


*Comments by panicipants of our courses 
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CEFOTAN.. 


Icefotetan disodium) 


In intra-abdominal and gynecologic infection 
due to indicated organisms 


For Intravenous or Intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE 

TREATMENT: CEFOTAN® (cefotetan disodium) is indicated for the therapeutic treatment of the 
following infections when caused by susceptible strains of the designated organisms: 

Urinary tract infections caused by F coli, Klebsiella species (including K pneumoniae), Proteus 
mirabilis and Proteus sa (which may include the organisms now called Proteus vulgaris, P-ovidencia 
rettgeri, and Morganella morganii). 

Lower respiratory tract infections caused by Streptococcus pneumoniae (formerly D pneurnoniae), 
Staphylococcus aureus (penicillinase- and nonpenicillinase-producing strains), Haemophilus influenzae 
(including ampicillin-resistant'strains), Klebsiella species (including K pneumoniae), and E coli. 

Skin and skin structure infections caused by Staphylococcus aureus (penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis,” Streptococcus pyogenes and Streptococcus 
species (excluding enterococci), and E coli. 

Gynecologic infections caused by Staphylococcus aureust (including penicillinase- and nenpenicil- 
linase-producing strains), Staphylococcus epidermidis,” Streptococcus species (excluding entero- 
cocci), E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding B distasonis, 
B ovatus, B thetaiotaomicron), Fusobacterium species,t and gram-positive anaerobic coca (including 
Peptococcus and Peptostreptococcus speciest). 

intra-abdominal infections caused by £ coli, Klebsiella species (including K pneumoniae}, Strepto- 
coccus species (excluding enterococci), and Bacteroides species (excluding B distasonis, B ovatus, 
B thetaiotaomicron). 

Bone and joint infections caused by Staphylococcus aureus.t 

*NOTE: Some strains of Staphylococcus epidermidis are resistant to cefotetan. 

t Efficacy for this organism inthis organ system was studied iñ fewer than ten infections. 
PROPHYLAXIS: The preoperative administration of CEFOTAN may reduce the incidence o certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean 
contaminated or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, 
transurethral surgery, biliary tract surgery, and gastrointestinal surgery). 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In 
patients undergoing cesarean section, CEFOTAN should be administered intravenously afer the 
clamping of the umbilical cord. 

if there are signs and symptoms of infection, specimens for culture should be obtainec for 
identification of the causative organism so that appropriate therapeutic measures may be initiated. 
CONTRAINDICATIONS 
thee L contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 
Before therapy with CEFOTAN is instituted, careful inquiry should be made to determine whether the 
patient has had previous hypersensitivity reactions to cefotetan disodium, cephalosporins, 
penicillins, or other drugs. This product should be given cautiously to penicillin-sensit ve patients. 
Antibiotics should be administered with caution to any patient who has demonstrated some form of 
allergy, particularly to drugs. If an allergic reaction to CEFOTAN occurs, discontinue the drug. 
Serious acute hypersensitivity reactions may require oe and other emergency measures. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 
spectrum antibiotics); therefore, it is important to consider its diagnosis in patients who develop 
diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit over- 
growth of clostridia. Studies:indicate a toxin produced by Clostridium difficile is one primary cause of 
antibiotic-associated colitis. Cholestyramine and colestipol resins have been shown to bind zhe toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be 
managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not re- 
lieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for anti- 
biotic-associated pseudomembranous colitis produced by C difficile. Other causes should also be considered. 
PRECAUTIONS 
GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Careful observation of the patient is essential. If s.perinfection 
does occur during therapy, appropriate measures should be taken. 

In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity. Those at risk include patients with renal or hepatic impairment, or poor nutri- 
tional state. Prothrombin times should be monitored in patients at risk and exogenous Vitamin K 
administered as indicated. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, 
particularly colitis. 

INFORMATION FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 
characterized by pee sweating, headache, and tachycardia may occur when alcoho (beer, wine, 
etc) is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 
ce ta of alcoholic beverages following the administration of CEFOTAN. 

DRUG INTERACTIONS: If CEFOTAN and an aminoglycoside are used concomitantly, rena function should 
be carefully monitored, especially if higher dosages of the aminoglycoside are to be administered or if 
therapy is prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglycoside antibi- 
otics. Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, it is possible 
that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an aminoglycoside 
DRUG/LABORATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 

with Benedict's or Fehling’s solution. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
serum and urine creatinine levels of Jaffe reaction and produce false increases in the levels of 
Creatinine reported. 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term s udies in 
animals have not been performed to evaluate carcinogenic potential, no mutagenic potential of 
cefotetan was found in standard laboratory tests. 

Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous adminstration of 
500 mg/kg/day (approx 8-16 times the usual adult human dose) on days 6-35 of life (theught to be 


CEFOTAN® (cefotetan disodium) 


developmentally analogous to late childhood and aera in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesionswere 
dose-dependent; at 120 mg/kg/day (approx 2-4 times the usual human dose), only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. Similar lesions have been observed in 
experiments of comparable design with other methylthiotetrazole-containing antibiotics and impaired 
fertility has been reposted, particularly at high dose levels. No testicular effects were observedan 
7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or in infant dogs (3 weeks ald) that 
received up to 300 iy by se IV for 5 weeks. The relevance of these findings to humans is unknown 
USAGE IN PREGNANCY: Pregnancy Category B: Reproduction studies have been performed im rats 

and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired 
fertility or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled 
studies in pregnant women. Because animal reproductive studies are not always predictive of human 
response, this drug should be used during pregnancy only if clearly needed 

USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations. 
Caution should be exercised when cefotetan is administered to a nursing woman 

PEDIATRIC USE: Safety and effectiveness in children have not been established 

ADVERSE REACTIONS 

In clinical studies the following adverse effects were considered related to CEFOTAN therapy 
Gastrointestinal cia occurred in 1.5 perzent of patients; the most frequent were diarrhea (1 in 80) 
and nausea (1 in 700). 

Hematologic laboratory abnormalities occurred in 1.4 percent of patients anc included eosinaphilia 

(1 in 200), positive direct Coombs ' test (1 in 250), and thrombocytosis (1 in 300). 

Hepatic enzyme elevations occurred in 1.2 perzent of patients and included a rise in SGPT (1 in 150), 
SGOT (1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 

Hypersensitivity reactions were reported in 1.2 percent of patients and included rash (1 in 150) and 
itching (1 in 700). 

Local effects were reported in less than one percent of patients and included phlebitis at the site of 
injection (1 in 300), and discomfort (1 in 500) 

DOSAGE AND ADMINISTRATION 

TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intra- 
muscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be deter- 
mined by the condition of the patient, severity o° the infection, and susceptibility of the causative organism 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every.24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6" grams 3 g every 12 hours IV 


*Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or potentially contaminated 
surgery in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be admin- 
istered as soon as the umbilical cord is clamped. 

IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used 


DOSAGE GUIDELINES FOR PATIENTS 
WITH IMPAIRED RENAL FUNCTION 





Creatinine Clearance 


mL/min Dose Frequency 
>30 Usual Recommended Dose* Every 12 hours 
10-30 Usual Recommended Dose” Every 24 hours 
<10 Usual Recommended Dose” Every 48 hours 


*Dose determined by the type and severity of infection, and susceptibility ot the causative organism. 


Cefotetan is dialyzable and it is recommenced that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis 
HOW SUPPLIED 
CEFOTAN is a dry, white to pale yellow powder supplied in vials containing cefotetan disodium equiv- 
alent to 1 g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1 9 dose is 
available in 10 mL and 100 mL vials, and the 2 g dose is available in 20 mL and 100 mL vials. The vials 
should not be stored at temperatures above 22°C and should be protected from light 

1 g in 10 mL vial (NDC 0038-0376-10); 2 g n 20 mL vial (NDC 0038-0377-20), 1 g in 100 mL vial 
(NDC 0038-0376-11). 2 g in 100 mL vial (NDC 0038-0377-21) 


Manufactured for 


STUART PHARMACEUTICALS 
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arithmetic. 
more cost-effective 


than cefoxitin’? 


less frequent dosing 
than cefoxitin** 


several times the half-life 
of cefoxitin’® 


single-dose prophylaxis/ 


MEE twice-daily treatment 





References: 1. Nightingale CH, Smith KS, Quintiliani R, et al: The conversion of cefoxitin usage 
to cefotetan: An interdisciplinary approach. Am J Surg 1988;155(5A):101-102. 2. Sochalski A, 
Sullman S, Andriole VT: Cost-efectiveness study of cefotetan versus cefoxitin and cefotetan 
versus combination antibiotic regimens. Am / Surg 1988;155(5A):96-101. 3. CEFOTAN® 
(cefotetan disodium) full prescribing information issued March 1986. 4. Physicians’ Desk 
© Reference, ed 43. Oradell, NJ, Medical Economics Co, 1989. Mefoxin® (cefoxitin sodium, MSD), 
pp 1355-1357. 5. Carver M, Quintiliani R, Nightingale CH: Comparative pharmacokinetic 
F istudy of cefotetan and cefoxitin in healthy volunteers. Infect Surg, April 1986 (suppl), 
11-14. 6. Quintiliani R, Nightingale CH, Stevens RC, et al: Comparative pharmacokinetics 
-tetan and cefoxitin ir patients undergoing hysterectomies and colorectal operations. 
bg 1988; 1 55(SA):67-70 
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Fragmentation in General Surgery Friedmann 
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Rhabdomyosarcoma Donaldson 
Hepatic Resection for Metastatic Colorectal Cancer 
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Median Sternotomy for Implantable Cardioverter/Defibrillator 
Blakeman, Wilber,Pifarre 


CLINICAL NOTES 


_ Perforation Complicating Rifampin-Associated Pseudomembranous Enteritis 
Miller, Sedlack, Holt 
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ROCEPHIN® (ceftriaxone sodium/Roche) 
Before prescribing, please consult complete product information, a summary of which follows: 
INDICATIONS AND USAGE: Rocephin is indicated for the treatment of the following infections when 
caused by susceptible organisms: 
LOWER RESPIRATORY TRACT INFECTIONS caused by Strep. pneumoniae, Streptococcus spe- 


cies (excluding enterococci), Staph. aureus, H. influenzae, H. parainfluenzae, Klebsiella species 
(including K. pneumoniae), E. coli, E. aerogenes, Proteus mirabilis and Serratia marcescens. 


SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus, Staph. epidermidis, Strep- 
tococcus species (excluding enterococci), E. cloacae, Klebsiella species (including K. pneumo- 
niae), Proteus mirabilis and Pseudomonas aeruginosa. 

URINARY TRACT INFECTIONS (complicated and uncomplicated) caused by E. cof, Proteus mir- 
abilis, Proteus vylgaris, M. morganii and Klebsiella species (including K. pneumon.ae). 
UNCOMPLICATED GONORRHEA (cervicai/urethral and rectal) caused by Neisseria gonor- 
rhoeae, including both penicillinase and nonpenicillinase producing strains. 

PELVIC INFLAMMATORY DISEASE caused by N. gonorrhoeae. 

BACTERIAL SEPTICEMIA caused by Staph. aureus, Strep. pneumoniae, E. coli, H. mfluenzae and 
K. pneumoniae. 

BONE AND JOINT INFECTIONS caused by Staph. aureus, Strep. pneumoniae, Streptococcus 
species (excluding enterococci), E. coli, P mirabilis, K. pneumoniae and Enterobacter species. 


INTRA-ABDOMINAL INFECTIONS caused by E. coli and K. pneumoniae. 


MENINGITIS caused by H. influenzae, N. meningitidis and Strep. pneumoniae. Caftriaxone has 
also been used successfully in a limited number of cases of meningitis and shunt infections 
caused by Staph. epidermidis and E. coli. 

SURGICAL PROPHYLAXIS. Preoperative administration of a single 1 gm dose may reduce inci- 
dence of postoperative infections in patients undergoing surgical procedures classified as con- 
taminated or potentially contaminated (e.g., vaginal or abdominal hysterectomy) and in those for 
whom infection at the operative site presents serious risk (e.g., during coronary artery bypass 
surgery). 

Although ceftriaxone has been shown to have been as effective as 
cefazolin in the prevention of infection following coronary artery by- 
pass surgery, no placebo-controlled trials have been conducted to 
evaluate any cephalosporin antibiotic in the prevention of infection 
following coronary artery bypass surgery. When administered be- 
fore indicated surgical procedures, a single 1 gm dose provides 
protection from most infections due to susceptible organisms for 
duration of procedure. 


SUSCEPTIBILITY TESTING: Before instituting treatment with 
Rocephin, appropriate specimens should be obtained for isolation 
of the causative organism and tor determination of its susceptibil- 
ity to the drug. Therapy may be instituted prior to obtaining results 
of susceptibility testing. 

CONTRAINDICATIONS: Rocephin is contraindicated in patients with 
known allergy to the cephalosporin class of antibiotics. 
WARNINGS: BEFORE THERAPY WITH ROCEPHIN IS INSTITUTED, 
CAREFUL INQUIRY SHOULD BE MADE TO DETERMINE WHETH- 
ER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY RE- 
ACTIONS TO CEPHALOSPORINS, PENICILLINS OR OTHER 
DRUGS. THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO 
PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE 
ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS 
DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO 
DRUGS. SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY 
REQUIRE THE USE OF SUBCUTANEOUS EPINEPHRINE AND 
OTHER EMERGENCY MEASURES. 


Pseudomembranous colitis, reported with nearly all antibacterial agents, including ceftriaxone, may 
range in severity from mild to life-threatening. Therefore, consider this diagnosis in patients who present 
with diarrhea subsequent to administration of antibacterial agents. 


Treatment with antibacterial agents alters normal flora of the colon and may permit overgrowth 
of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
“antibiotic-associated colitis.” 

After establishing diagnosis of pseudomembranous colitis, initiate therapeutic measures. Mild 
cases of pseudomembranous colitis usually respond to drug discontinuation alone. In moderate to 
severe Cases. consider management with fluids and electrolytes, protein supplementation and 
treatment with an oral antibacterial drug effective against C. difficile. 


Rarely, shadows suggesting sludge have been detected by sonograms of the gallbladder in 
asymptomatic and symptomatic patients. This appears to be reversible on discontinuation of ther- 
apy. In a few symptomatic patients receiving higher than usual doses, who underwent surgery, 
sludge containing traces of ceftriaxone was recovered from surgical specimens. Discontinue ther- 
apy in patients who develop signs or symptoms suggestive of gallbladder disease: consider con- 
servative management. 


PRECAUTIONS: GENERAL: Although transient elevations of BUN and serum creatinine have been 
observed, at the recommendec dosages, the nephrotoxic potential of Rocephin is similar to that of 
other cephalosporins. 

Ceftriaxone is excreted viaboth biliary and renal excretion (see Clinical Pharmacology). Therefore, 
patients with renal failure normally require no adjustment in dosage when usual doses of Rocephin 
are administered, but coneentrations of drug in the serum should be monitored periodically. If evi- 
dence of accumulation exists, dosage should be decreased accordingly. 


adjustments should not be necessary in patients with hepatic dysfunction; yowever, in pa- 
tients with both hepatic dysfunction and significant renal disease, Rocephin dosage should not ex- 
ceed 2 gm daily without close monitoring of serum concentrations. 


Alterations in prothrombin-times have occurred rarely in patients treated with Rocephin. Patients 
with impaired vitamin K synthesis or low vitamin K stores (e.g., chronic hepatic disease and mal- 
nutrition) may require monitoring of prothrombin time during Rocephin treatment. Vitamin K ad- 
ministration (10 mg weekly) may be necessary if the prothrombin time is prolonged before or during 
therapy. 
Prolonged use of Rocephin may result in overgrowth of nonsusceptible organisms. Careful obser- 
vation of the patient is essential. If superinfection occurs during therapy, appropriate measures 
should be taken. 
Rocephin should be preseribed with caution in individuals with a history of gastsointestinal dis- 
ease, especially colitis. 
CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Carcinogenesis: Considering 
the maximum duration of treatment and the class of the compound, carcinogenic'ty studies with 
ceftriaxone in animals have not been performed. The maximum duration of animal toxicity studies 
was six months. 
Mutagenesis: Genetic toxicology tests included the Ames test, a micronucleus test and a test for 
chromosomal aberrations.in human lymphocytes cultured in vitro with ceftriaxone. Ceftriaxone 
showed no potential for mutagenic activity in these studies. 
Impairment of Fertility: Ceftriaxone produced no impairment of fertility when given intravenously to 
oo at oad doses up to 586 mg/kg/day, approximately 20 times the recommended clinical dose 
2 gm/day. 
PREGNANCY. Teratogenic Effects: Pregnancy Category B. Reproductive studies nave been per- 
formed in mice and rats at doses up to 20 times the usual human dose and have no evidence of 
embryotoxicity, fetotaxicity-or teratogenicity. In primates, no embryotoxicity or teratogenicity was 
demonstrated at a dose approximately three times the human dose. 
There are, however, no adequate and well-controlled studies in pregnant women. Because animal 
reproductive studies are not always predictive of human response, this drug should be used dur- 
ing pregnancy only if clearly needed. 


Once-a-day 





ceftriaxone sodium/Roche 





ROCEPHIN® (ceftriaxone sodium/Roche) 


Nonteratogenic Effects: In rats. in the Segmert | (fertility and general reproduction) and Segment IIl 
(perinatal and postnatal) studies with intravenously administered ceftriaxone. no adverse effects were 
noted on various reproductive parameters during gestation and lactation, including postnata! growth, 
functional behavior and reproductive ability of the offspring, at doses of 586 mg/kg/day or less. 
NURSING MOTHERS: Low concentrations of ceftriaxone are excreted in human milk. Caution 
should be exercised when Rocephin is administered to a nursing woman 


PEDIATRIC USE: Safety and effectiveness of Rocephin in neonates, infants and children have been 
established for the dosages described in the Dosage and Administration section. in vitra studies 
have shown ceftriaxone, like some other cephalosporins, can displace bilirubin from serum albu- 
min. Rocephin should not be administered to hyperbilirubinemic neonates. especially orematures. 
ADVERSE REACTIONS: Rocephin is generally well tolerated. In clinical trials, the following adverse 
reactions, which were considered to be related to Rocephin therapy or of uncertain etiolagy, were 
observed: 

LOCAL REACTIONS—pain, induration or tenderness at the site of injection (1%). Less frequently 
reported (less than 1%) was phlebitis after |.V. administration. 

HYPERSENSITIVITY—rash (1.7%). Less frequently reported (less than 1%) were pruritus, fever 
or chills. 

HEMATOLOG/C—eosinophilia (6%), thrombocytosis (5.1%) and leukopenia (21%). Less frequent- 
ly reported (less than 1%) were anemia, neutropenia, lymphopenia, thrombocytopenia and prolon- 
gation of the prothrombin time. 

GASTROINTESTINAL—diarrhea (2.7%). Less frequently reported (less than 1%) were nausea or 
vomiting, and dysgeusia. Onset of pseudomembranous colitis symptoms may occur during or after 
antibiotic treatment (see WARNINGS). 


HEPATIC—elevations of SGOT (31%) or SGPT (3.3%). Less frequently reported (less than 1%) 
were elevations of alkaline phosphatase and bilirubin. 


RENAL—elevations of the BUN (1.2%). Less frequently reported (less than 1%) were elevations of 
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CENTRAL NERVOUS SYSTEM—headache or dizziness were re- 
ported occasionally (less than 1%). 


GENITOURINARY —moniliasis or vaginitis were reported occa- 
sionally (less than 1%). 


MISCELLANEOUS—diaphoresis and !\ushing were reported oc- 
casionally (less than 1%). 

Other rarely observed adverse reactions (less than 0.1%) include 
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in the prothrombin time, jaundice, gallbladder sludge. glycosuria, 
hematuria, anaphylaxis, bronchospasm, serum sickness, abdom- 
inal pain, colitis, flatulence, dyspepsia, palpitations and epistaxis. 


DOSAGE AND ADMINISTRATION: Rocephin may be administered in- 
travenously or intramuscularly. The usual adult daily dose is 1 to 
2 gm given once a day (or in equally divided doses twice a day) 
depending on the type and severity of the infection. The tetal daily 
dose should not exceed 4 grams. 

For the treatment of serious miscellaneous infections in children, other 
than meningitis, the recommended total daily dose is 50 to 75 mg/kg 
(not to exceed 2 grams), given in divided doses every 12 hours. 
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days after the signs and symptoms of infection have disappeared. 
The usual duration is 4 to 14 days; in complicated infections longer 
therapy may be required. 

In the treatment of meningitis, a daily dose of 100 mg/kg [not to ex- 
ceed 4 grams), given in divided doses every 12 hours, should be 
administered with or without a loading dose of 75 mg/kg. 

For the treatment of uncomplicated gonococcal infections, a single intramuscular dose of 250 mg 
is recommended. 

For preoperative use (surgical prophylaxis), a single dose of 1 gm administered 1/2 to 2 hours be- 
fore surgery is recom 

When treating infections caused by Streptococcus pyogenes, therapy should be continwed for at 
least ten days. 

No dosage adjustment is necessary for patients with impairment of renal or hepatic function; how- 
ever, blood levels should be monitored in patients with severe renal impairment (e.g., dialysis pa- 
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HOW SUPPLIED: Rocephin (ceftriaxone sodiun/Roche) is supplied as asterile crystalline powder in 
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Also supplied as a sterile crystalline powder as follows: 
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Also supplied premixed as a frozen iso-osmotic, sterile, nonpyrogenic solution of ceftriaxone so- 
dium in 50 mL single dose plastic containers, as follows: 


1 gm equivalent of ceftriaxone, iso-osmotic with approximately 1.9 gm dextrose hydreus, USP 
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2 gm equivalent of ceftriaxone, iso-osmotic with approximately 1.2 gm dextrose hydreus, USP 
added. 


NOTE: Rocephin in the frozen state should not be stored above -20°C 
“Registered trademark of Abbott Laboratories, Inc. $ 


tManufactured tor Roche Laboratories, a division of Hoffmann-La Roche Inc., by Travenol Labo- 
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The 3rd International Symposium on Tissue Repair will pro- 
vide an inter-disciplinary forum for the presentation and 
discussion of new therapeutic approaches, both clinical and 
experimental, to tissue repair in normal and chronic wounds. 


The program is being sponsored by a grart from Johnson & 
Johnson Patient Care, Inc. and organized/conducted by 
Symposia Medicus with co-sponsorship from the University 
of Miami Wound Care Institute. 


A world renowned faculty has been assembled to cover 
topics including: 













ə Anatomy, Pathophysiology & Clinical Spectrum of 
Venous, Diabetic and Decubitis Ulcers e Circulation and 
Oxygen Delivery in Chronic Wounds e Biological Tissue 
Coverage « Combination Therapy with Growth Factors 

e Matrix Components and their Role in Wound Healing 

e Characteristics of Wound Fluid e Dressings: new 
Developments e Clinical Experience with Growth Factors 
e Pharmacological Approaches to Wound Repair. 


For further information regarding symposium registration/ 
brochure, contact: 


Symposia Medicus, 2815 Mitchell Drive #128, 
Wainut Creek, CA 94598-1622 e Phone (415) 935-7889 
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hydrocodone may produce dose-related respiratory depression. 

Head Injury and Increased Intracranial Pressure: The respiratory 
depressant effects of narcotics and their capacity to elevate cerebrospi- 
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injury, other intracranial lesions or a preexisting increase in intracranial 
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Acute Abdominal Conditions: The administration of narcotics may 
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Nursing Mothers: It is not known whether this drug is excreted in 
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because of the potential for serious adverse reactions in nursing infants 
from VICODIN/VICODIN ES Tablets, a decision should be made whether 
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importance of the drug to the mother 

Pediatric Use: Safety and effectiveness in children have not been 
established. 

ADVERSE REACTIONS: 
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dizziness, sedation, nausea and vomiting. These effects seem to be more 
prominent in ambulatory than in nonambulatory patients and some of 
these adverse reactions may be alleviated if the patient lies down. Other 
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Central Nervous System: Drowsiness, mental clouding, lethargy, impair- 
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ES Tablets may ns constipation. 

Genitourinary System: Ureteral spasm, spasm of vesical sphincters 
and urinary retention have been reported. 

Respiratory Depression: Hydrocodone bitartrate may produce dose- 
related respiratory depression by acting directly on the brain stem respi- 
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hydrocodone is characterized by respiratory depression (a decrease in 
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Fragmentation in General Surgery: The Case of Head and Neck Surgery .....--- seer eerste 1013 


Paul Friedmann, MD, Springfield, Mass 


Alexis Carrel: ACenturyLater............. cs. eeeees 


W. Sterling Edwards, MD, Albuquerque, NM 
ORIGINAL ARTICLES 


Rhabdomyosarcoma: Contemporary Status and Future Directions: The Lucy Wortham 


James Clinical Research Award.................2545: 


Sarah S. Donaldson, MD, Stanford, Calif 


e The varied biology and multidisciplinary management of this tumor in 1600 children is surveyed. 


Hepatic Resection for Metastatic Colorectal Cancer ....... 


Hepatic Resection for Metastases From Colorectal Carcinoma Is of Dubious Value 


William Silen, MD, Boston, Mass 
The Resection of Hepatic Metastases: Another View 
Martin A. Adson, MD, Rochester, Minn 


e Two experienced and knowledgeable surgeons look at the pros 


and cons of hepatic resection for colorectal metastasis. 


Hepatic Resection in 120 Patients With Hepatocellular Carcinoma... .....-- 6-6-6 eee ees 1025 
Miin-Fu Chen, MD, Tsann-Long Hwang, MD, Long-Bin Bejamin Jeng, MD, Yi-Yin Jan, MD, 


Chia-Siu Wang, MD, Fong-Fu Chou, MD, Taipei, Republic of China 
® Better techniques for diagnosis of hepatocellular carcinoma 
have improved the resection and survival rates. 


Surgical Treatment of Recurrent Colorectal Cancer: Five-Year Follow-up ...... 6... 02ers 1029 
Jyrki Mäkelä, MD, Kari Haukipuro, MD, Seppo Laitinen, MD, Matti I. Kairaluoma, MD, Oulu, Finland 
eè Resectional surgery can improve both survival and patient comfort in recurrent colorectal cancer. 


Improved Early Results of Elective Hepatic Resection for Liver Tumors: One Hundred 
Consecutive Hepatectomies in Cirrhotic and Noncirrhotic Patients .....- 2-2-6 ee 1033 
Dominique Franco, MD, Villejuif, France; Claude Smadja, MD, Bicétre, France; Jonathan L. Meakins, MD, 


Andrew Wu, MD, Laurent Berthoux, MD, Didier Grange, MD, Evry, France 


e Liver resection for neoplasms can be performec with low morbidity and mortality. 


Preoperative Screening for HIV Infection: A Balanced View for the Practicing Surgeon ..........-- 0-0... 0. 1038 


Arthur M. Fournier, MD, Robert Zeppa, MD, Miami, Fla 


eè The risk to surgeons and the reliability of screening tests are factors 


to be considered in routine preoperative screening. 


Selective vs Routine Use of Intraoperative Cholangiography: An Argument ...... 2.2... ee ees 1041 


Michael D. Pasquale, MD, Russell J. Nauta, MD, Washington, DC 
Invited Commentary: Robert E. Hermann, MD, Cleveland, Ohio 


e Criteria for selective intraoperative cholangiography were determined by this retrospective review. 


Evaluation of Right Hemicolectomy for Unexpected Cecal Mass 


Jay A. Riseman, MD, Keith Wichterman, MD, Springfield, III 


è Of 13 patients undergoing a right colectomy for a cecal mass, one had a cecal cancer. 
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Thyroid Cancer With Coexistent Hashimoto’s Thyroiditis: Clinical Assessment andManagement.............. 1045 
Burton L. Eisenberg, MD, Samuel D. Hensley, MD, San Antonio, Tex 


e Hashimoto's thyroiditis was found to be present in 11% of patients with thyroid sancer. 


Patterns of Relapse in 1001 Consecutive Patients With Melanoma Nodal cee ce a SR en ee S NN 1051 
Annamaria Calabro, MD. S. Eva Singletary, MD, Charles M. Balch, MD, Houston, Tex 
@ Tumor recurrence with one nodal or no extranodal invasion was lower 
than in patients with multiple nodal and connective tissue invasion. 


Prognostic Factorsiin Gastric Cancer With Serosal Invasion: 
ie RT I a ed Nee, Oe | eet, ee 1061 


Invited Commentary: Robert H. Bartlett, MD, Ann Arbor, Mich 
è Pressure support ventilation improved respiratory function and facilitated weanirg. 


Effect of Dichloroacetate on Plasma and Hepatic Amino Acids 
NM oe ne oo oe os. ag atc Re oe ee eee Sk A 1071 


@ In the absence of autologous saphenous veins, arm veins are a preferable conduit. 
CLINICAL NOTES 


Perforation Complicating Rifampin-Associated Pseudomembranous Enteritis ......................... 1082 
Daniel L. Miller, MD, Jeffrey D. Sedlack, MD, Richard W. Holt, MD, Washington, DC 
è Enteritis with jejunal perforation was associated with rifampin therapy. 


Delayed Presentation of a Right-Sided Diaphragmatic Hernia and Group B 
Streptococcal Sepsis: Two Case Reports anda Review of the Literature . .... ......................... 1083 
Frederick J. Rescorla, MD, Mervin C. Yoder, MD, Karen W. West, MD, Jay L. Grosfeld, MD, Indianapolis, Ind. 
e Persistent respiratory symptoms in a neonate recovering from streptococcal 
sepsis suggest the possibility of a posterolateral hernia. 


e Nineteen years after a splenectomy for splenic rupture, this 
patient bled massively from splenic tissue eroding the ileum. 


The Rudimentary First Rib: A Cause of Thoracic Outlet Syndrome With Arterial ee Oe o a iade 1090 
Fritz Baumgartner, MD, Ronald J. Nelson, MD, John M. Robertson, MD, Torrance, Calif 
e Patients with thoracic outlet syndrome and rudimentary first rib should be investigated for vascular compromise. 


Pancreatic Transection: AConcept of Evolvinginjury ................. nannan a cc eee ec a 1093 
H. Mathilda Horst, MD, Brack A. Bivins, MD, Detroit, Mich 
© Repetitive clinical diagnostic studies are required to evaluate these patients. 


TECHNIQUE 


Peripheral Laser-Assisted Balloon Angioplasty: Initial Multicenter 
L AAPEA E vk ue ca GM, «oy OEA EN E AE ou 1099 
Timothy A. Sanborn, MD, David C Cumberland, MD, Alan J. Greenfield, MD, Amir Motarjeme, M9, 
Donald E. Schwarten, MD, D. Richard Leachman, MD, Ernest J. Ferris, MD, Richard K. Myler, MC, 
Timothy C. McCowan, MD, Daniel Tatpati, MD, Robert Ginsburg, MD, Robert |. White, MD, Bosto 1, Mass 
Invited Commentary: Robert W. Hobson II, MD, Newark, NJ 
e This technique provided clinical success in lesions considered impossible to treat by conventional angioplasty. 
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JA Risk Management 


A7 Resources at Your Fingertips 


Today, the challenge for physicians and health care institutions to maintain and 
improve the quality of care is greater than ever. The changing environment of 
medicine increasingly demands innovative responses from the profession. And, 
increasingly, physicians and institutions are responding. 
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The Compendium of Patient Safety and Medical Risk Management Programs is 
a comprehensive listing of patient safety/risk management resources available 
from the AMA/Specialty Society Medical Liability Project, the American 
Medical Association, the Council of Medical Specialty Societies, the Physician 
Insurers Association of America, national medical specialty organizations and 
state medical associations. 
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This is a one-of-a-kind compilation, a uniquely comprehensive guide to such 
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Guidelines and policy statements * Committee and task force activities Courses 
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The Compendium of Patient Safety and Risk Management Programs, OP140 
3-ring binder, approximately 175 pp. 
Mail to: 
American Medical 
Association 
Book & Pamphlet 
Fulfillment OP140 
P.O. Box 10946 
Chicago, Illinois 
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dont have to think of you, 
youre the best.” 





Surgeon focus. 

Where it is can make a big 
difference in the procedure. 

For decades, surgeons have 
helped us design and develop 
our contributions to the 
surgical suite. 

Our goals have always been 
the same — reliable support 
without distraction. Today, our 
experience is helping you 
move better and stand easier 
during most procedures — 
letting you concentrate on 
why yourre really there. 


right from the start 


AMSC( ) 
Right from the start 
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Precise, Cost-Effective 
Piezoelectric Lithotripsy 


A new method in the management of 
stone disease is capturing the attention 
of medical professionals concerned with 
maximizing patient comfort, reducing 
patient risk and minimizing operational 
costs...it’s called PIEZO-PRECISION™ 
lithotripsy, from EDAP International. 


PIEZO-PRECISION lithotripsy puts 
you in control of the intensity and the fre- 
quency of each shock wave. Shock waves 
are delivered at a small precise focal 
point. Thus, the goal is to minimize pain 
and potential patient complications. 


EDAP’s In-Line Multi-Plane, real 
time ultrasound system allows you to 
adjust to the target and simultaneously 
monitor the stone during fragmentation. 


Procedures with EDAP’s LT 01 can be 
performed on an out-patient basis. There 
is little or no need for anesthesia, analge- 
sia, ECG monitoring or respiratory gating 
and no costly electrodes. 


It’s all a matter of PIEZO-PRECISION 
lithotripsy and EDAP’s ingenuity. Becaus 
at EDAP lithotripsy is our only business 
...allow us to show you the future in thera 
peutic technology. 


For more information about 
PIEZO-PRECISION call EDAP 
International today... 


Caution: This device is currently limitec 
to investigational use by Federal Law. 


FUTURE BELONGS TO PIEZO-PRECISION 


EDAP International Corporation 

238 Littleton Road, Westford, MA 01886 
Telephone (508) 692-8488 

Facsimile (508) 692-0733 


WHY NOT `. 
TAKE EARLY * 


AMBULATION 
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- You can get patients moving 
even before they can walk...with 
Kinetic Therapy” 


A inet Therapy" as fur- 
nished by the BioDyne™ bed, 


uses continuous oscillation on 
an air-support surface to bring 
motion to patients unable to 
move on their own. Consider 
postoperative patients. Those 
immobilized by surgery 
urgently need the mechanical 
stimulation of natural motion. 


Kinetic Therapy on the BioDyne 
bed provides early intervention 
and treatment of immobility— 
without waiting for complica- \ 
tions to develop. By gently 
turning patients from side to 
side, it promotes continuous 
postural drainage, helps mini- 
mize venous stasis, and helps 
prevent skin ischemia and 
breakdown. 


¥ust like early ambulation... “« 
only sooner. 


/ ” 
BIODYNE [l IODYNE II 


Because Life — 
Depends on Motion net 


SKCI. 


Kinetic Concepts, Inc. 
ARO. Box 8588, San Antonio, TX 78208-0588 
1-800-531-5346 
BioDyne is a trademark of Kinetic Concepts, Inc. for its oscillating low air-loss support surface. 
Kinetic Therapy is a service mark of Kinetic Concepts, Inc. for the continuous motion therapy derived from its oscillating support devices. 
© 1989, Kinetic Concepts, Inc. All rights reserved. 
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Gram-Negative 
Alert 


THE RATIONAL CHOICE: 





FORTAZ i 


ceftazidime/Glaxo 


_ 1g vials 1-2 g q8-12h 








For empiric therapy of 
suspected gram-negative 
infection’ 


"E Men ereda gainst a broad spectrum of 
Datnosenst!OomMm gram-negative Pseudomonas and 
Sie eiee Obacteriaceae to gram-positive 

Ste nylOococci 


m@ As effective as the aminoglycosides, without 
exposing the patient to possible aminoglycoside 
toxicity 


E Well tolerated...safety profile similar to that of the 
first-generation cephalosporins 


E Proven performance in over 3 years of worldwide 
experience 


*Please see Bri vale mmary of Ere ribing Information on next page for a full listing of indications, susceptible 
organisms, and adverse reactions. 


Glaxo pioneers in cephalosporin research 


Glaxo Inc., Research Triangle Park, NC 27709 
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EWAZIALT ùl. 
ceftazidime for injection 
For intravenous or intramuscular use 
Briel summary. Before prescribing. consult complete prescribing information. 

INDICATIONS AND USAGE 

FORTAZ® is indicated for the treatment of patients with infections caused by susceptible strains of the 

designated organisms in the follawing diseases: 

1. Lower Respiratory Tract Iniections, including pneumonia, caused by P aeruginosa and other Pseudomonas 
sp; H influenzae, including ampicillin- resistant strains, Klebsiella sp; Enterobacter sp; P mirabilis: E coli: 
Serratia sp; Citrobacter sp; S pneumoniae and S aureus (methicillin-susceptible strains) 

2. Skin and Skin Structure Infections caused by P aeruginosa; Klebsiella sp; E coli, Proteus sp, including 
P mirabilis and indote-posit ive Proteus, Enterobacter sp: Serratia sp: S aureus (methicillin-susceptible 
strains); and S pyogenes (group A deta-hemolytic streptococci) 

3. Urinary Tract Infections, both complicated anduncomplicated, caused by P aeruginosa: Enterobacter sp: 
Proteus sp, including P mirabilis and indole-positive Proteus: Klebsiella sp; and E coli 

4. Bacterial Septicemia, caused by P aerugmosa: Klebsiella sp: H influenzae: E coli, Serratia sp. S pneumoniae: 
and S aureus (metheillin-suscept ble strains). 

5. Bone and Joint Infections, caused by P aeruginosa: Klebsiella sp: Enterobacter sp. and S aureus (methicillin 
susceptible strains) 

6. Gynecological Infections, inclucingendometritis, pelvic cellulitis, and other infections of the female genital 
tract, caused by E cali. 

7. Intra-abdominal Infections, including pentonitis, caused by £ coli, Klebsiella sp. and S aureus 

(methicillin-susceptible straus) end polymicrobial infections caused by aerobic and anaerobic organisms 
and Bacteroides sp (many strains ot8 fragilis are resistant). 

8. Central Nervous System Infections including meningitis, caused by H influenzae and Neisseria meningitidis 
FORTAZ has also been used successfully in a limited number of cases of meningitis due to P aeruginosa and 
S pneumoniae. 

Specimens for bacterial cultures sheuld de obtained prior to therapy in order to isolate and identify causative 
organisms and to determine theimsuscept ibility to ceftazidime. Therapy may be instituted before results of 
susceptibility studies are known- however, once these results become available. the antibiotic treatment should 
be adjusted accordingly. 

FORTAZ may be uses alone in cases.of confirmed or suspected sepsis. FORTAZ has been used successfully 
in clinical trials as empiric therapy in cases where various concomitant therapies with other antibiotics have 
been used 

FORTAZ may also bewsed concom tantly with other antibiotics, such as aminoglycosides, vancomycin, and 


clindamycin, in severe and \ife-threatening infections and in the immunocompromised patient. When such 
concomitant treatments aoproprate, prescribing information in the labeling for the other antibiotics should 
be followed. The dose depends omthe seventy of the infection and the patient's condition a 


CONTRAINDICATIONS 


FORTAZ® is contraindicated in patients who nave shown hypersensitivity to ceftazidime or the cephalosporin 


group of antibiotics. bd 
one nt wl Ou te er 
BEFORE THERAPY WITH FORTAZ® |S INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE TO DETERMINE 


WHETHER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY REACTIONS TO CEFTAZIDIME. 
CEPHALOSPORINS, PEWICILLINS. OR OTHER DRUGS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH 
CAUTION TO ANY PATIENT WHO HAS DEMONSTRATED SOME FORM OF ALLERGY. PARTICULARLY TO DRUGS a out 





THIS PRODUCT SHOULD BE GIVEN WITH CAUTION TO PATIENTS WITH TYPE 1 HYPERSENSITIVITY REACTIONS 
TO PENICILLIN. IF AN ALLERGIC REACTION TO FORTAZ OCCURS, DISCONTINUE TREATMENT WITH THE 
DRUG. SERIOUS ACUTE HYPERSENS TIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER 


EMERGENCY MEASURES s 
Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad-spectrum SC I eenin 
antibiotics); therefore, it is important to consider its diagnosis in patients who develop diarrhea in association 


with antibiotic use. 


Treatment with broad-spectrum antibiotics alters normal flora of the colon and may permit overgrowth of 
clostridia. Studies indicate a toximproduced by C difficile is one primary cause of antibiotic-associated colitis 
Mild cases of colitis may respond to drug discontinuance alone Moderate to severe cases should be * 
managed with fluid, electrolyte. and protein supplementation as indicated 

When the colitis is net relieved by drug discontinuance or when it is severe, oral vancomycin is the treatment 
of choice for antibiotic-associatec pseudomembranous colitis produced by C difficile Other causes of colitis 


should also be considered. 


PRECAUTIONS i y 
FORTAZ® has not been shown to be nephrotoxic: however, because high and prolonged serum antibiotic Many of you r patients WI | | hea F about 
concentrations can occur frem ussal cases in patients with transient or persistent reduction of urinary output 
because of renal insufficiency, the total daily dosage should be reduced when ceftazidime is administered to i 
such patients (see DOSAGE AND ADMINISTRATION). Continued dosage should be determined by degree of screen Ing mamm ography th rough a progra m 
renal impairment, seventy of infection, and susceptibility of the causative organisms . e 
As with other antibiotics, prolonged use of FORTAZ may resultin overgrowth of nonsusceptible organisms. la unc hed by the A merican Ca ncer SOCI ety a nd 
Repeated evaluation of the patients condition is essential. If superinfection occurs during therapy. appropriate h A ; C | | f R d ` | d th 
measures should be taken. 
OEN should be prescribed with cautions individuals with a history of gastrointestinal disease, t € merican O ege O adio Oy, an cy 
articularly colitis. i i j 
g Interactions: Nephrotoxicity has been reported following concomitant administration of cephalosporins m ay come to you WI t h q uest IONS. What WI l l 
. with aminoglycoside antibiatics ompotent diuretics such as furosemide. Renal function should be carefully 2 
monitored, especially iffhigher dosages.of the aminoglycosides are to be administered or if therapy 1s you tel | them: 
posers. because of the potential nephrotoxicity "i ototoxicity of aminoglycosidic antibiotics h ; | | th t h 
ephrotoxicity and ototoxicity were not notec when FORTAZ was given alone in clinical trials 
Carcinogenesis, Mutagenesis, impairment o' pie se rae a Studies in animals have not been performed We Ope you encourage em to Nave a 
to evaluate carcinogenic potential However, a mouse Micronucleus test and an Ames test were both negative i 
tor mutagenic eects z ee 9 screening mammogram, because that, along 
nancy: Teratogenic Effects: Pregnancy Category B: Reproduction studies have been performed in mice and . e e 
rats at doses up to 40 times the human dose and have revealed no evidence of impaired fertility or harm to the with your regular breast examinations and 
fetus dueto FORTAZ. There are, however, no adequate and well-controlled studies in pregnant women. Because : : ; 
animal reproduction studies.are not always predictive of human response, this drug should be used during the ir month ly sel f examina t IONS offers the 
ie ag vay if nee d 
ers: Ceftaadime is excreted in human milk in low c trat Caution should be exercised i 
EARE E T CS SNORE 9e PraEcSA best chance of early detection of breast cancer, 
ADVERSE REACTIONS i : : : i 
a disease which will strike one woman in 10. 


FORTAZ® is generally weil tolerated. Theincidence of adverse reactions associated with the administration of 


FORTAZ was low in clinical tnals. The mast common were local reactions following intravenous injection and : 
allergic and gastrointestinal reactiens. Other adverse reactions were encountered infrequently. No disulfiram- If you have q uestions about breast cancer 
like reactions were reported = . 
The following adverse effects from c'inical trials were considered to be either related to ceftazidime therapy 
o mere uncer e000) detection for asymptomatic women, please 
I Effects, reported ir less than. 2% of patients, were phlebitis and inflammation at the site of injection (1 in 
69 patients). contact us. 


; Hypersensitivity Reactions, reported in 2% of patients, were pruritus, rash, and fever Immediate 
~ hypersensitivity reactions occurred in 1 n 285 patients. 
Gastrointestinal Symptoms, reported in less than 2% of patients, were diarrhea (1 in 78), nausea (1 in 156), 
vomiting (1 in 500), and abdomimatpain T1 in 416), 
Less Frequent Adverse Events (jess than 1%) were candidiasis: vaginitis: and central nervous system events 
tnat included headache, dizziness, and paresthesia. 


Laboratory Test Changes noted cumng FORTAZ clinical trials were transient and included: eosinophilia (1 in 13), 3 5 
positive Coombs test without hemelysis (1 in 23), thrombocytosis (1 in 45), and slight elevations in one or more AMERICAN Professiona | Education Dept. 
of the hepatic enzymes, SGOT (1 in’16) SGPT (1 in 15), LDH (1 in 18), GGT (1 in 19), and alkaline phosphatase National Headqua rters 
(1 in 23). As with some other cephalosporins, transient elevations of blood urea, blood urea nitrogen and/or CANCER 90 Park Avenue 
serum creatinine were observed occasionally Transient leukopenia, neutropenia, thrombocytopenia and ® 

lymphocytosis were seen very rarely. SOCIETY New York, New York 10016 
DOSAGE AND ADMINISTRATION or your local society 


Impaired Renal Function: Ceftamcime is excreted by the kidneys, almost exclusively by glomerular filtration 
Therefore, in patients with impaired renal function (GFR < 50 ml/min), it is recommended that the dosage of 
ceftazidime be reduced te compensate tor its slower excretion. See complete Prescribing Information for 
dosage in patients with renalimpairment 


American 1891 Preston White Drive 


HOW SUPPLIED yee 
» FORTAZ® in the dry state should bestored at controlled room temperature, 15° 10 30°C (59° to 86°F), and College of Reston, Virginia 22091 
protected from light. FORTAZ is a dey, white to off-white powder supplied in vials and infusion packs as follows - : ( 703) 648-8900 
NDC 0173-0377-31, 500-mg' Vials (Trey of 25) Radiology 
NDC 0173-0378-35 1-9” Vials (Trav of 25) 


NDC 0173-0379-34 2-g” Viais (Tray of 10) 
NDC 0173-0380-32 1-g° Infusion Pack (Tray of 10) 
NDC 0173-0381-32 2-9° Infusion Pack (Tray of 10) 


NDC 0173-0382-37 6-g” Pharmacy Bulk Package (Tray of 6) “Equivalent to anhydrous ceftazidime. 
Gh. a x 0 Glaxo inc., Research Triangle Park, NC 27709 AB-202 
© Copyright 1985, Glaxotnc. All rights reserves, July 1987 
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Commentaries 


Fragmentation in General Surgery 


The Case of Head and Neck Surgery 


ragmentation of the specialty of general surgery has 

become a source of serious concern and alarm for the 
community of general surgeons. Part of the fragmenta- 
tion stems from the burgeoning of technological interven- 
tionists, usually based in the nonsurgical specialties. Ra- 
diologists, gastroenterologists, and cardiologists, among 
others, have been aggressively pushing their specialties 
into surgical realms. Another part of the problem, however, 
is based on schisms between and among surgical disci- 
plines. 

A particular case in point is the controversy that has 
been swirling around the attempts of the specialty of 
otolaryngology to become designated as otolaryngology- 
head and neck surgery. These attempts have caused serious 
conflicts at the board and residency review committee 
levels of the two specialties. The outcome of the conflicts 
is not clear. What is clear is that there are enormous 
implications for clinical practice, board certification, and 
residency training in both fields, no matter what the 
outcome may be. 

The fundamental problem from a general surgical point 
of view is that the proposals put forth by the otolaryngol- 
ogists are seen as an attempt to expand the horizons of 
otolaryngologic surgery at the expense of other surgical 
specialties. Specifically, the attempt to expand the concept 
of otolaryngologic mvolvement in head and neck surgery 
to the concept of a regional head and neck surgeon based 
within the specialty of otolaryngology is a major problem. 
General surgeons have been involved in surgery of the head 
and neck for decades, especially in cancer surgery, endo- 
crine surgery, vascular surgery, and esophageal surgery. 
Head and neck surgery is defined as one of the principal 
components of the field of general surgery and residents 
who train in general surgery are expected to have a 
significant exposure to clinical surgery involving the head 
and neck. The performance of a few tracheostomies is not 
considered to be sufficient exposure. 

Most head and neck surgery in the areas commonly 
considered to fall within the context of head and neck 
surgery is still being done by general surgeons and resi- 
dents in general surgery. However, the exposure per 
resident is relatively small. A further reduction in that 
exposure, at least at the resident level, is inimical to 
training in general surgery. Since there is a relatively small 
number of patients with diseases affecting the head and 
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neck area, it may be that some institutions will not have ` 


sufficient resources to sponsor residencies in both general 
surgery and otolaryngology. 
The expansion of otolaryngology into surgery of the 


thyroid and parathyroid glands is particulary troublesome. — 


These areas of surgery have basically been developed by 


general surgeons and have been an important part of — | 


general surgical practice. Further dilution of this training 


and experience is not appropriate or acceptable to general 


surgeons. 


The development of a surgical specialty based in a given | 


region of the body has very little real or physiologic 
justification at this time. Most surgical specialties are 
organized according to organ systems and organ functions. 
Neurosurgeons, urologists, orthopedic surgeons, and even 
otolaryngologists have followed this pathway. General sur- 
geons have not endorsed, for example, the concept of the 
development of a regional specialty in “abdominal surgery.” 
It is very difficult, if not impossible, to define the limits of 
a regional specialty. Head and neck surgery as a regional 
specialty does not appear to include the eye, brain, spinal 
cord, musculoskeletal system, or some parts of the vas- 
cular system. All of these systems require different sur- 
gical techniques, different concepts, and different knowl- 
edge, and it is probably impossible for any surgeon to be 
expert in all of them. Even if the development of a re- 
gional speeialty in head and neck surgery were appro- 
priate, it would require a great deal more training than is 
currently envisioned and certainly would require more 
than the minimum 1-year exposure to general surgery that 
is currently required by otolaryngology. If there is a 
rationale for the development of a specialty in head and 
neck surgery, it should be developed only after consul- 
tation with the participating specialties and should not be 
developed on the basis of a unilateral action by any of 
them. 

For the immediate future, it is unlikely that the pressures 
on the surgical specialties in general and on general 
surgery in particular will abate. There is no shortage of 
those who wish to become interventionists or “halfway 
surgeons.” Conflicts between surgical specialties are par- 
ticularly unfortunate at a time when all of the surgical 
specialties are under growing socioeconomic and profes- 
sional pressure. Nevertheless, as far as the head and neck 
surgery issue is concerned, general surgery considers this 
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to be an extremely serious problem because it gets to the 
heart of the matter of fragmentation. 

General surgeons will continue to oppose vigorously any 
attempts to erode or fragment this specialty any further. 
How to deal with the problem of fragmentation and how to 
accommodate the forces that promote specialization are 
among the fundamental issues facing general surgery and 
general surgical education today. These are very difficult 
problems and the solutions to them will not be easy because 
they may require radical restructuring of surgical educa- 
tion and surgical practice. 

Our task now is not to yearn for a return to the good old 
days, but rather to come to grips with these issues and to 


Alexis Carrel 


A Century Later 


D Carrel, MD, at the beginning of this century, 
performed numerous original experiments, first with 
Charles Guthrie at the University of Chicago (Ill) between 
1904 and 1906 and at the Rockefeller Institute in New 
York, NY, between 1906 and 1914. For the first time, an 
animal laboratory was established where dogs could be 
operated on with aseptic surgical technique, thus reducing 
infection. Vascular anastamosis was technically improved, 
veins were shown to function as arterial substitutes, limbs 
were reimplanted, and kidneys and hearts were trans- 
planted and shown to function for a short time (rejection 
was not understood at the time). 

At the Rockefeller Institute, arterial segments from 
animals of the same or different species, preserved in 
several ways, were shown to function as arterial conduits 
in dogs. Carrel was among the first to use endotracheal 
oxygenation to allow intrathoracic operations on the lungs, 
esophagus, and heart. In 1910 he performed a bypass from 
the aorta to the coronary artery of a dog and stated that 
this might someday be a useful operation for patients with 
angina pectoris. For these innovative demonstrations Car- 
rel received the Nobel prize in 1912. 

Carrels other major research accomplishment was the 
development of the Carrel-Dakin solution and the concept 
of constant wound irrigation to prevent infection in the 
deep and dirty wounds in soldiers during World War I. 
This technique saved many limbs and lives and was used in 
civilian surgery fer many years until the development of 
systemic antibioties. 

What effect have the experiments of this one man had 
on the clinical advances of this century? Would others have 
had the same innovative ideas sooner or later? Would 
atomic energy still be a dream if Albert Einstein had not 
lived? Would coronary bypass surgery be possible now if 
Carrel had not described this experiment in 1910? How 
much impact will the ideas of any one individual have on 
scientific progress? 

Carl Wiggers, the eminent cardiac physiologist of 50 
years ago, compared scientific research to the building of 
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forge the solutions that will carry the specialty of general 
surgery into the 21st century. 
PAUL FRIEDMANN, MD 
Springfield, Mass 


Paul Friedmann, M.D., FA.C.S., is Chief of Surgery at the Downstate 
Medical Center (Springfield, Massachusetts). He is a diplomate of the 
American Board of Surgery and holds the Certificate of Special Qualification 
in General Vascular Surgery. Dr Friedmann is currently President of the 
Association of Program Directors in Surgery and Chairman of the Residency 
Review Committee in Surgery. The views expressed in this commentary 
are his awn and not necessarily those of organizations he represents. 


a brick wall. Individual scientists might hope to add one 
or two bricks to the wall, but surrounding bricks might be 
necessary for the wall to be completed. Occasionally a 
brick must be removed and replaced by a brick with a 
better fit. Some researchers, Wiggers liked to say, spend 
their whole careers trying to remove the bricks of others. 

Carvel’s cardiovascular demonstrations were so far ahead 
of his time that his bricks had no place to fit in the wall of 
clinica, surgery until other supportive bricks were put in 
place. These included better control of infection, simplifi- 
cation and increased availability of blood transfusions, 
better anesthesia, and the development of the heart-lung 
machine. 

Carrel’s bricks floated in the air for 50 years or more 
before the supporting bricks were set in place to give his a 
solid feundation. Had Carrel not performed these experi- 
mental demonstrations, someone else undoubtedly would 
have made the same discoveries sooner or later, just as we 
would almost certainly have had electric lights and tele- 
phones a few years later had Thomas Edison and Alexander 
Graham Bell not invented them. These eminent inventors 
undoubtedly sped the completion of their parts of the wall 
and, therefore, deserve the recognition given them. 

Whena the wall of development reaches a certain stage, 
it becomes evident where the next brick should go and how 
it should look. Often several scientists make the same 
discovery almost simultaneously, as was the case in the 
demonstration that ether could be used for surgical anes- 
thesia. 

Some intriguing thoughts for us all remain: What bricks 
are floating around now waiting for a few supporting bricks 
to sette into place? Who is going to find the last brick or 
two that will perfect the wall of understanding of cancer 
or leac to the development of a vaccine for the acquired 
immunodeficiency syndrome? 

We desperately need innovative wall builders like Alexis 
Carrel to complete these research projects. 

W. STERLING Epwarps, MD 
Albuquerque, NM 
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Original Articles 


Rhabdomyosarcoma: Contemporary Status 


and Future Directions 


The Lucy Wortham James Clinical Research Award 


Sarah S. Denaldson, MD 


e Appreximately two thirds of children with rhabdomyosar- 
coma will be cured of their tumor and become long-term survi- 
vors. Multidisciplinary care has brought about improvements in 
survival. Yet our therapies of today are suboptimal in many 
situations and demand intense effort toward improving cure 
rates and quality of life. Rhabdomyosarcoma is a complex child- 
hood malignancy with differing anatomic sites of presentation 
and varying histologic subtypes, each presenting with unique 
patterns of growth, making it inappropriate to consider the dis- 
ease a single entity. Avenues of future research involve cytoge- 
netic and molecular genetic investigations that will aid in diagno- 
sis and screening and, it is hoped, guide clinicians to more 
specific therapy. 

(Arch Surg. 1989;124:1015-1020) 


hereas the soft-tissue sarcomas represent only 6% of all 

pediatric cancers, rhabdomyosarcoma accounts for ap- 
proximately one half of the pediatric soft-tissue sarcomas. 
Rhabdomyosarcoma is a highly diverse malignant tumor, 
protean in its clinical and pathologic behavior, and should not 
be considered as a single entity. To better understand this 
complex childhood malignant neoplasm, one must focus on its 
variable clinical and pathologic characteristics. 


PATIENTS AND METHODS 
Patterns of Presentation 


Rhabdomyosarcoma may occur in neonates, infants, children, ado- 
lescents, or young adults. It may occur in the newborn as congenital 
rhabdomyosarcoma or may not be expressed until young adulthood. 
Data fromthe Intergroup Rhabdomyosarcoma Study (IRS) I, a study 
with an enrollment upper age limit of 21 years, confirm that 4% of all 
children are less than 1 year ofage when diagnosed, 34% are aged 1 to 
4 years, 25% are aged 5 to 9 years, 22% are aged 10 to 14 years, and 
15% are aged 15 to 21 years.’ The median age is 7 years. There is a 
paucity of published data regarding rhabdomyosarcoma in the adult 
population. Such patients are generally included in series of adult 
soft-tissue sarcoma without specific notation of the histologic type, 
probably because of the rarity in this age group. Adults with rhabdo- 
myosarcoma are generally considered to fare worse than children 
with rhabdomyosarcoma; preliminary data confirm this.” 

Rhabdemyosarcoma occurs more often in boys than girls, with a 
nearly 60:40 ratio. The reason for the sexual disparity with respect to 
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incidence is not understood. However, recent data sugges: a possible 
genetic influence in this disease, which may help explain the observed 
sex ratio. 

Rhabdomyosareoma is a tumor that arises in unsegmented, undif- 
ferentiated mesoderm and may appear in any part of the body. Figure 
1 shows the incidence of site of primary tumor among 686 children 
entered into IRS I. Nearly 40% of the cases arose in the head and neck 
region, of which 10% were orbital, and another 14% comprised the so- 
called parameningeal tumors, those arising in sites adjacent to the 
base of the skull, such as the paranasal sinuses, nasopharynx, middle 
ear, pterygopalatine fossa, or infratemporal fossa. The remaining 
13% of the head and neck tumors arose from nonparameningeal 
primary sites, such as the cheek, oral cavity, oropharynx, and larynx. 
Approximately 20% of the cases arose in genitourinary sites, includ- 
ing the bladder, prostate, paratesticular tissues, vagina, vulva, or 
uterus. Another 20% arose in upper or lower extremities. Seven 
percent to 8% arose in the trunk and retroperitoneal areas; the 
remaining small percentage arose in miscellaneous sites, including 
the gastrointestinal tract, intrathoracic area, perineum, and anus. ` 

Histologic confirmation with subclassification of rhabdemyosar- 
coma is extremely difficult. The differential diagnosis includes 
Ewing’s sarcoma, small cell osteosarcoma, neuroblastoma, Wilms’ 
tumor, leukemia, and non-Hodgkin's lymphoma. The commenly used 
histologic subclassification divides these tumors into embryonal, al- 
veolar, and pleomorphic types. Nearly 60% of these tumors represent 
the embryonal variant or its subtype, the botryoid tumor (Fig 2). The 
alveolar variant accounts for approximately 21%. The pleomorphic 
type is rarely used today as tumors in this category are now more 
frequently categorized as malignant fibrous histiocytoma. Fifteen 
percent to 20% of these tumors do not fit into this conventional 
classification and are classified as mixtures.” One of these, extraos- 
seous Ewing’s sarcoma, does not represent rhabdomyosarcoma but 
accounts for 5% of the tumors entered onto IRS protocols. The 
extraosseous Ewing's tumor responds to treatment similarly to rhab- 
domyosarcoma and recently has been treated and managed clinically 
as conventional rhabdomyosarcoma.’ Despite adequate tissue, spe- 
cial stains, electron microscopy, and immunohistochemical and im- 
munophenotyping studies, at least 15% of these tumors still defy 
classification and thus remain either undifferentiated type indetermi- 
nate or unclassifiable tumors. 

There is a clear relationship between anatomic site of presentation 
and histologic subtype (Fig 3). Of the genitourinary tumors, 90% are 
either embryonal or botryoid subtypes. Among the extremity tu- 
mors, the alveolar subtype is seen in 50% of the cases. In the head and 
neek, the embryonal subtype is commonly seen, while in the trunk 
and retroperitoneum there is again a high percentage of alveolar and 
undifferentiated/unclassifiable tumors.* Thus, this tumor is extreme- 
ly variable in both its sites of presentation andits histologicsubtype. 

There is a well-recognized variation in histologic subtype as a 
function of age as shown from data of IRS I and II.* The botryoid 
subtype is most commonly observed in infants and toddlers; the 
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Fig 1.—Primary site distribution among 686 children entered into 
Intergroup Rhabdomyosarcoma Study I. 
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Fig 2.—Histopathologic distribution among 1626 children entered into 
Intergroup Rhabdomyosarcoma Studies | and II. 


embryonal subtype occurs in all age groups but predominantly in 
youngsters. The alveolar subtype may occur in all age groups but 
most commonly is seen in the older child and adolescent. 


Staging 


There has been disagreement as to the optimal staging system for 
clinical use, and multiple staging systems have been employed. In 
America, the clinical atten system of the IRS investigators has 
been most commonly used. ” This “clinical grouping” system actually 
requires surgical pathologic evaluation. This system follows: 


Group Evaluation 
I Localized disease completely resected 
A. Confined to organ or muscle of origin 
B. Infiltration outside organ or muscle of origin; 
regional nodes not involved 
II Compromised or regional resection, including 
A. Gressly resected tumors with microscopic residual 
disease 
B. Regional disease, completely resected, in which 
nodes may be involved and/or extension of tumor 
into an adjacent organ present 
C. Regional disease with involved nodes, 
grossly resected, but with evidences 
of microscopic residual disease 
III Incomplete resection or biopsy with gross residual 
disease 
IV Distant metastases present 
Using this system there are distinct differences in actuarial survival 
as a function of stage that have been misinterpreted by some to 
suggest that surgical excision plays a role in prognosis, since IRS I 
data demonstrate that children with group I and II tumors fare better 
than those with group III disease.’ Criticisms have been made of the 
IRS grouping system since surgical excision, in itself, is an important 
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treatment modality, and the IRS grouping system does not represent 
a pretreetment classification. In fact, using IRS grouping, one’s 
individual stage (group) may be altered as a function of the surgical 
procedure that is selected or of the aggressiveness of the initial 
surgeon. Only approximately 15% of tumors are located in sites 
where camplete excision can be readily accomplished without an 
undesirable loss of function or cosmesis. At least 60% of patients with 
group II_ or IV disease are not candidates for primary surgical 
resection An additional 25% have a compromised surgical procedure 
leaving macroscopic residual disease. 

A more reasonable staging system, following a classic TNM sys- 
tem, has been employed by the International Society í of Pediatric 
Oncology and the Union Internationale Contre le Cancer” (Table). In 
this stagiag system, tumors are segregated as a function of their T 
stage (size and invasiveness), nodal disease, and hematogeneous 
metastases. The TNM Staging system represents a pretreatment 
staging system. Ina review of 505 children, T stage has been shown to 
be predictive of outcome’ (Fig 4). Using the TNM system, T1 tumors 
are those -onfined to an organ or structure of origin, while T2 tumors 
are those that infiltrate or invade beyond their organ or structure of 
origin. In vasiveness is closely linked to size. Noninvasive T1 tumors 
generally are small, while invasive T2 tumors almost invariably are 
larger.*” Patients with noninvasive T1 tumors have a superior surviv- 
al rate irrespective of treatment (P=.004). Furthermore, there is a 
clear impact of metastasis on survival (P<.001) favoring the MO 
tumors (Fig 5). It has been more difficult to assess nodal status 
independently, as rhabdomyosarcomas are often located in sites 
where noce sampling is difficult. In IRS II, only a minority of patients 
had histologic proof of nodal status. However, in a separate single 
institution study, Pedrick et al" evaluated lymph node status system- 
atically and found that 32 (43%) of 74 patients had evidence of regional 
lymph node involvement at the time of presentation. It is clear that 
N1 status is not favorable and is linked with unfavorable sites, 
including -he extremity, trunk, and retroperitoneum. Furthermore, 
patients with regional nodal involvement commonly have the unfa- 
vorable alveolar, undifferentiated, and unclassifiable histologic sub- 
types. Mcst children who are found to have regional lymph node 
extension have primary tumors that are large and invasive. In the 
analysis dòne by Pedrick et al, 88% of patients with N1 status had 
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Fig 4.—Comparison of survival curves by tumor invasiveness among 
children entered into Intergroup Rhabdomyosarcoma Study Il 
(adapted from Lawrence et al’). 


primary lesions that had extended beyond the site of origin (T2 
primary). Thus, it is uncommon to have a patient with positive nodes 
(N1) who has a small (T1) tumor. 


Treatment 


No longer is rhabdomyosarcoma considered a uniformly fatal dis- 
ease. Surveillance, Epidemiology, and End Reporting data show 
progressive improvement in survival over the past 15 to 20 years. 
Twenty years ago, only one third of children with rhabdomyosarcoma 
were cured of their disease. Data now reveal that approximately two 
thirds of these children will be long-term survivors.” The improve- 
ments in survival have come with multidisciplinary therapy. 

Because of variations with respect to age, stage, site of presenta- 
tion, and the desire to preserve function and cosmesis at all expense, 
no uniform policy has emerged with respect to the role of surgery. 
Since only 15% of patients are candidates for complete excision, 
primary surgery has been questioned and more delayed surgical 
procedures have been emphasized. The role for marginal excision or 
debulking procedures is unknown. Node dissection per se does not 
influence survival or disease-free survival, although knowledge of 
nodal status is important with respect to therapy, particularly 
radiotherapy. 

Most experience with radiotherapy has been the use of convention- 
al external beam treatment. Interstitial therapy (brachytherapy) 
does play a role for accessible tumors when one desires a high dose of 
radiation with a rapid dose fall-off to avoid irradiating nearby critical 
normal structures. 

Multiple chemotherapeutic agents have been used in treating rhab- 
domyosarcoma. The standard agents demonstrated to be effective 
are vincristine sulfate, actinomycin D, cyclophosphamide (Cytoxan), 
and doxorubicin hydrochloride (Adriamycin). Other agents that have 
more recently been tried and appear to have efficacy include ifosfa- 
mide, cisplatin, etoposide, and melphalan. These drugs all carry 
morbidity, which has not yet been adequately assessed. Further 
improvements in chemotherapy will likely be made by alternating 
either the timing of therapy or the dose intensity. 
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Fig 5.—Comparison of survival curves for patients with metastatic 


disease and those with nonmetastatic disease entered into Intergroup 
Rhabdomyosarcoma Study II (adapted from Lawrence et al’). 


RESULTS 


The site of the primary tumor clearly impacts survival. 
Data from the IRS II demonstrate that survival varies de- 
pending on the anatomic site of presentation, with patients 
with orbital, nonparameningeal head and neck, and genitouri- 
nary tumors having a much better prognosis than those with 
primary disease in the parameningeal sites, extremity, retro- 
peritoneum, and trunk’ (Fig 6). Although investigators tend 
to group these tumors into specific anatomic regions, individ- 
ual sites within these regions also carry differing biologic 
study and natural history. It has been shown that the para- 
meningeal tumors have a different course than the nonpara- 
meningeal head and neck primary tumors.“ Similarly, 
among the genitourinary primary tumors, those arising in the 
bladder and prostate fare worse than those arising in the 
vagina, vulva, or paratesticular tissues.’ 

Data from 1626 children entered onto IRS I and II confirm 
distinct differences in prognosis as a function of histologic 
subtype’ (Fig 7). The polypoid botyroid tumor has the best 
prognosis. The large group of embryonal tumors have an 
intermediate prognosis, not different from the extraesseous 
Ewing’s tumor. These intermediate prognosis tumors fare 
better than those of the alveolar subtype, undifferentiated 
type indeterminate, and unclassifiable tumors. 

Results as a function of stage utilizing the IRS grouping 
system demonstrate that there is a distinct separation of 
survival curves as a function of IRS grouping (Fig 8). Pa- 
tients with stage I, II, and III tumors have an actuarial 
survival of 83%, 70%, and 52%, respectively, at 10 years. 
These patients with nonmetastatic tumors fare much better 
than those with stage IV disease (hematogeneous metasta- 
sis), in whom there is only 20% actuarial survival at 10 years.’ 
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Fig 6.—Survival curves by anatomic site of presentation for children 

with nonmetastatic rhabdomyosarcoma among patients entered into 

+ eal Rhabdomyosarcoma Study I! (adapted from Lawrence et 
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Fig 7.—Survival curves by histologic subtype among 1626 children 
entered into Intergroup Rhabcomyosarcoma Study |! (adapted from 
Newton et al’). 


When utilizing the TNM staging system as advocated by 
the Union Internationale Contre le Cancer investigators, 
tumors are segregated into distinct groups. Patients with T1 
noninvasive tumors, which are often the smal! tumors, have a 
distinctly better prognosis than the T2 invasive tumors. 
Conversely, those with metastatic disease fare poorly. Using 
the TNM staging system, it is difficult to distinguish a differ- 
ence in outcome of those tumors with T2 invasive status from 
those with positive lymph nodes. In large part, patients with 
T2 tumors are also N1 and, thus, overlap as shown in Fig 9. 
Because of the influence of both TNM stage and site of prima- 
ry tumor on prognosis, the IRS and International Society of 
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Fig 8.—Survival curves by group among 686 children entered into 
Intergroup Rhabdomyosarcoma Study | (adapted from Maurer et al’). 


Pediatric Oncology investigators plan to devise a new staging 
system that will employ not only TNM status but also site of 
primary tumor. The projected groups are shown here, where 
A indicates a tumor 5 cm or less, and B, a tumor greater than 5 
cm. 


Stage by Site and TNM Status 
I Orbit, genitourinary (nonbladder/nonprostate), 
head and neck (nonparameningeal) 
T1 or T2, Aor B, NO or N1, MO 
II Genitourinary/bladder-prostate, extremity, 
parameningeal, other 
T1 or T2, A, NO, MO 
III Genitourinary/bladder-prostate, extremity, 
parameningeal, other 
T1 or T2, B, NO or N1, MO 
T1 or T2, A, N1, MO 
IV Anysite 
T1 or T2, Aor B, NOor N1, M1 


Even when using multimodality therapy in the manage- 
ment of rhabdomyosarcoma, failures still occur. To recognize 
that the current therapies are not yet optimal, one needs to 
look critically at the IRS experience with bladder and pros- 
tate tumors. In the IRS studies, the goal of therapy has been 
to preserve the bladder since cystectomy and cystectomy/ 
prostatectomy carry untoward and undesired long-term mor- 
bidity. Thus, IRS investigators recommended primary che- 
motherapy, hoping for dramatic regressions of tumor, with a 
plan to omit pelvic radiotherapy and cystectomy/prostatec- 
tomy, reserving radiotherapy and limited surgery only for 
patients with histologic proof of persistent disease after in- 
duction chemotherapy. The results have been extremely dis- 
appointing, with compromised survival and 3-year disease- 
free survival rates of only 46%.” Patterns of failure reveal 
that nearly 58% of the relapses are local, with an additional 
23% regional. This has resulted in a bladder preservation rate 
of only 25% and suggests that by employing the drugs that 
were used in this study along with delayed radiotherapy it 
was not possible to avoid cystectomy and prostatectomy in 
the majority of these patients. 
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COMMENT 


As with other pediatric malignant neoplasms, rhabdomyo- 
sarcoma is associated with disorders in development. In an 
autopsy study, three fourths of children entered onto IRS 
protocols were found to have central nervous system, genito- 
urinary, gastrointestinal, or cardiovascular anomalies, some 
of which were quite severe.” In addition, this tumor is associ- 
ated with several congenital disorders, including neurofibro- 
matosis“ and the basal cell nevus syndrome.” Interestingly, 
small groups of families have been described with an in- 
creased frequency of breast cancer in relatives of children 
with rhabdomyosarcoma.” Other familial associations include 
an excess incidence of rhabdomyosarcoma in siblings of chil- 
dren with adrenal cortical carcinoma and those with brain 
tumors.’ Furthermore, there is an increased risk of other 
sarcomas.” These developmental abnormalities and epidemi- 
ologic findings give us some insight to directions we must take 
in the future. 

It is hoped that a pretreatment staging system, perhaps 
taking into account site of primary tumor as well as TMN 
extent, will segregate patients in accordance with biologic 
study and natural history of disease. Better-defined prognos- 
tic factors are needed to segregate patients for varying treat- 
ments. Multidisciplinary therapy will continue to be the hall- 
mark of treatment using multiple drugs and possibly multiple 
fractions of radiation, such as in a program of hyperfraction- 
ated radiation. Hyperfractionated radiation divides treat- 





ment into two small radiation fractions, separated by 6- to 8- 
hour intervals, that enhance the therapeutic gain by 
increasing tumor cell kill while sparing normal tissues. The 
purpose of this therapy is to decrease late radiation injury 
while improving likelihood of local tumor control. New drug 
development must continue, as currently there are only a 
limited number of chemotherapeutic agents demonstrated to 
produce durable responses in rhabdomyosarcoma. Thus, new 
advances must be made by alternating the timing or the 
intensity of current drugs. The exact role of surgery in rhab- 
domyosarcoma has not yet been defined. Surgical procedures 
provide an important source of tissue for biologic studies. 
Possible future surgical studies may include evaluation of 
primary reexcision, planned second-look procedures, or earli- 
er ablative therapy. 

We are now entering an era of cytogenetics and molecular 
genetics, which, it is hoped, will aide in making the diagnosis 
and screening helpful in establishing prognostic factors and 
guiding clinicians to specific treatments. Cytogenetic studies 
show a consistent chromosomal translocation between chro- 
mosomes 2 and 13 and abnormalities of chromosome 11 in 
children with rhabdomyosarcoma.”™ Currently, investiga- 
tors are trying to link these cytogenetic abnormalities with 
conventional histologic types and with biologic study of dis- 
ease. There is some evidence to suggest that the 2/13 chromo- 
somal translocation is more commonly seen in the alveolar 
subtype, while abnormalities in chromosome 11 have been 
shown in children with embryonal rhabdomyosarcoma. Kou- 
fos et al” have demonstrated the presence of recessive muta- 
tional events on chromosome 11 in five of seven children with 
Wilms’ tumor, while molecular investigations of rhabdomyo- 
sarcoma and hepatoblastoma have demonstrated a similar 
homozygosity for a mutant allele locus on chromosome 11.* 
Loss of heterozygosity in these embryonal tumors suggests 
that there is a common pathogenic mechanism and has 
prompted investigations seeking to correlate molecular ge- 
netic abnormalities with the histologic variants of rhabdo- 
myosarcoma. The study of genetics in rhabdomyosarcoma is 
in its infancy but likely will soon be used to confirm diagnoses, 
particularly in the tumors difficult to classify. The cytogenetic 
findings may allow us to screen for rhabdomyosarcoma as is 
currently possible with retinoblastoma, another tumor with a 
clearly defined chromosomal abnormality. Studies ef tumor 
growth rate and patterns of regeneration and proliferation 
will clarify the importance of potential doubling time in select- 
ing radiation fractionation schedules. 

But even more specific will be the influence on a molecular 
level. The DNA content and ploidy are prognostic factors in 
several childhood cancers. It is likely that ploidy will be shown 
to be an important observation in rhabdomyosarcoma as well. 
Oncogene expression is of interest in rhabdomyosarcoma, 
with an association of n-myc proto-oncogenes in the embryo- 
nal subtype distinct from the n-myc proto-oncogene in the 
alveolar subtype.” Intense interest will be directed toward 
identifying the gene responsible for rhabdomyosarcoma, as 
has been shown in other childhood tumors, such as retinoblas- 
toma, osteosarcoma, and Wilms’ tumor. With the identifica- 
tion of the gene, we may be able to direct our therapy toward 
specific genetic defects. 


The author wishes to thank the members of the IRSGroup for use of clinical 
data presented in this report. 
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ARCHIVES OF GENERAL PSYCHIATRY 


Cholecystokinin Tetrapeptide Induces Panic-like Attacks in Healthy Volunteers: 


Preliminary Findings 
Claude de Montigny, MD, PhD, FRCPC 


A total of 31 intravenous injections of the tetrapeptide choleeystokinin (30-33) were carried out in ten 
healthy subjects. In seven subjects, cholecystokinin-4 provoked £ short-lasting (one to four minutes) panic- 
like attack (an intense unexplainable fear) at doses between 20 and 100 wg. In the other three subjects, doses 
of 80 to 100 pg induced severe anxiety, but no panic-like attack. All subjects experienced severe 


gastrointestinal symptoms. Pretreatment with lorazepam, but not-with meprobamate or naloxone, prevented 
the psychic effects of cholecystokinin-4 in subjects who had experienced a panic-like attack with the same 
dese of this peptide. Following the peptide injection, levels ef plasma free catecholamines, lactate, and 
glucose were unchanged, whereas levels of plasma cortisol and prolactin were increased. The intravenous 
injection of the sulfated cholecystokinin octapeptide (26-33) im two subjects (doses of 35 and 40 ug, 
respectively) produced severe gastrointestinal symptoms, but failed to induce any anxiety or panic-like 
attaeks. These preliminary findings suggest that cholecystokinn-4 may have a panic-inducing effect. It 
remains to be established if this peptide exerts this effect via a Girect activation of central cholecystokinin 
receptors (Arch Gen Psychiatry 1989;46:511-517). 


Reprint requests to Neurobiological Psychiatry Unit, Department of Psychiatry, McGill University, 1033, ave des Pins 
ouest, Montreal (Quebec), Canada H3A 1A1 (Dr de Montigny). 
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Hepatic Resection for Metastases From 


Colorectal Carcinoma Is of Dubious Value 


William Silen, MD 


n the United States, during the past 5 to 10 years, there 

has been an increasingly aggressive surgical approach to 
resection of hepatic metastases from colorectal cancer. Oper- 
ations for this purpose are currently the most common hepatic 
operation performed in this country, and the proeedure is 
likely to become even more prevalent. It has been estimated 
that only about 1000 of the 6000 to 12 000 patients who might 
be potential candidates yearly actually have a resection.’ 
While several series have reported 5-year survival rates of 
about 25% for those who undergo resection of hepatic metas- 
tases, comparison of this kind of outcome has been made only 
with retrospective series, a nonvalid control. Thus, it is not 
known whether surgical excision of these metastatic lesions is 
appropriate. A presentation and critical analysis of available 
data are made in this article in an attempt to provide some 
kind of rational approach to this common problem. 


SELECTION OF CASES 


Intrinsically the selection of cases will be a major determi- 
nant in the long-term outcome of resection of hepatic metasta- 
ses from colorectal cancer. Thus, inclusion of lesions that 
inherently grow slowly or exclusion of cases in which extrahe- 
patic spread of disease is present or in which all hepatic lesions 
cannot be extirpated will skew results in one direction or the 
other. Three factors seem to have a clear effect: (1) survival is 
better in female than in male patients, (2) the margins of the 
hepatic resection must be clear of tumor, and (3) the presence 
of extrahepatic metastases is synonymous with a fatal out- 
come.” There are many other possible influences on the re- 
sults of hepatic resection for metastatic malignant neoplasm 
from colorectal cancer. These include the grade of the primary 
lesion, the locoregional stage of the primary lesion, the size 
and number of hepatic metastases, the extent of hepatic 
resection, and the interval between the resection of the pri- 
mary lesion and the removal of the metastasis. Unfortunate- 
ly, the data available do not allow a valid assessment of the 
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effect of these variables on the outcome, but none has an 
apparently strong influence.” 


INCIDENCE OF RESECTABLE METASTASES 
AND POSSIBLE OUTCOME 


Several authors have reported 5-year survival rates of 
about 25% in those patients undergoing hepatic resection for 
colorectal hepatic metastases and have concluded by compari- 
son with retrospective controls that hepatic resection is of 
great value in some patients. These comparisons are seriously 
flawed because the majority of the controls who did not 
undergo resection were taken from reports in the literature 
before 1970, and many of these reports included patients with 
residual primary tumor.’ In general, before 1971, hepatic 
metastases were detected mainly at operation since the mod- 
ern technology of computed tomography (CT), ultrasound, 
and magnetic resonance imaging was not then available. For 
that reason, at the time of operative or clinical detection of 
these hepatic metastases, most of them were relatively far 
advanced and had already been present for a considerable 
period. Survival after detection was of neeessity shortened in 
comparison with the life span of patients whose metastases 
might now be found at a much earlier stage. The growth rate 
of hepatic metastases has recently been estimated based on 
repeated CT scans after discovery of the lesions either at 
operation (“overt metastases”) or detection of the lesions by 
CT immediately after operation, when none had been discov- 
ered by palpation (“occult metastases”). The mean age of 
overt hepatic metastases detectable at operation is 3.7+0.9 
years, whereas the mean age of occult metastases found only 
by CT scan but not palpable or visible at operation is 2.3 +0.4 
years.’ These surprising figures not only suggest that pa- 
tients with untreated hepatic metastases may live for a rela- 
tively long period without symptoms, but also mdicate that 
caution needs to be exercised in attributing longer survival or 
even cure to aggressive surgical resection of hepatic 
metastases. 

To provide comparable figures, I have carefully reviewed 
all of the articles from which the data of Hughes’ are de- 
rived.* Of 842 patients with unresected hepatie metastases 
described in the literature (most before 1971), there were 
seven 5-year survivors among individuals with or without 


Hepatic Metastases From Colorectal Cancer—Silen 1021 








residual primary tumor. Four 5-year survivors were de- 
scribed among 432 patients (most before 1971) with unresect- 
ed hepatie metastases but with no evidence of tumor else- 
where. Combining these two groups, 11 patients of 1274 
survived for 5 years (about 0.9%). If the estimates of the age 
of overt hepatic metastases detectable at operation are cor- 
rect (3.7 years), then these 11 patients lived with hepatic 
metastases for close to 9 years without treatment. It has been 
reported in almost every series that about 20% of patients 
with unresected metastases will live for 2 years. Considering 
the age of these metastases at the time of their detection, 
these 20% survived with hepatic lesions for at least 5 years 
without resection. Thus, the 5-year survival of patients with 
overt hepatic metastases who do not undergo resection ap- 
proaches that of patients with initially occult lesions who do 
undergo resection. These figures must be kept in mind when 
evaluating the results of surgical treatment. 

To assess the merits of surgical treatment, it is important to 
know the proportion of patients with hepatic metastases who 
are reasonable candidates for potential cure. At the Mayo 
Clinie (Rochester, Minn), resection was carried out in 56 of 
466 individuals with hepatic metastases from 1943 to 1976, 
representing what might be considered a minimum of 12% 
resectability.*” On review of all 466 cases, an additional 70 
patients with solitary or multiple unilateral hepatic metasta- 
ses who were conceivably candidates for resection were 
found.* Combining these 70 cases with the 56 resected cases, 
an estimate of maximum resectability of about 27% can be 
made. Assuming a 5-year survival rate of about 25% for 
patients who undergo resection, we can expect that only 2% of 
all patients with hepatic metastases will be survivors at 5 
years if the minimum resectability of 12% is correct, whereas 
about 7% of all patients will be 5-year survivors if resectabili- 
ty of 27% is correct. An operative mortality of as low as 0% has 
been reported when wedge resection alone has been used, but 
when major anatomic resections are performed, minimum 
mortality rates are approximately 3% to 4%.” However, larg- 
er resections are associated with morbidity of at least 20%. It 
is difficult to estimate the degree of suffering imposed by such 
morbidity or even by uncomplicated operation on this unfor- 
tunate group of patients, but such must be considered. 


CONCLUSIONS 


Only 8% to 27% of all patients with hepatic metastases from 
colorectal cancer are suitable for hepatic resection. The type 
of resection, ie, whether wedge excision or lobectomy, does 
not influence ultimate outcome as long as the margins of 
resection are clear of tumor. ** Since a 5-year survival rate of 
about 25% can be expected in patients who undergo resection, 
only 2% to 7% of all patients with hepatic metastases will 
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survive ‘or 5 years after resection. These figures are undoubt- 
edly inflated if one considers that most repeated resections for 
hepatic metastases have occurred in the past 10 years, during 
which metastases are discovered at a much earlier stage than 
when previous controls of untreated metastases were encoun- 
tered. Thus, the 20% of patients with unresected hepatic 
metastases and the 1% who lived for 5 years before the days of 
CT scans or ultrasound were in reality survivors for at least 5 
and 8 years, respectively. Such an outcome would have been 
cause for celebration by the advocates of resection. The mor- 
bidity and mortality of resection probably come close to off- 
setting any advantage that might be gained by resection. It is 
offensive to the thoughtful reader that many large series do 
not accurately record either mortality or morbidity.’ Current 
evidence does not support hepatic resection of colorectal me- 
tastases, although a conscientious surgeon might be coerced 
into resection for a patient in excellent condition without 
evidence of extrahepatic metastases and whose lesions could 
be encompassed with reasonable margins. The results of 
resection must not be taken out of context. 
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The Resection of Hepatic Metastases 
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. . . to believe without giving up the intellect. 

An endless struggle to relate mystery and reason. 
THOMAS TRAHERNE 
1637-1674 


am sympathetic with Dr Silen’s' concern about the indica- 

tions for resection of hepatic metastases, because I have 
been guided by such reservations for 30 years. However, I do 
not accept his condemnation of beliefs that have been aequired 
cautiously and rationally throughout these years. [ think 
there is some validity where he has found none, and I am 
convinced that some people who have hepatic metastases will 
live much longer if their liver lesions are removed. There is a 
small, well-defined group of patients who must not be as- 
signed to therapeutic trials that would deny half of them their 
only chance for extended survival. Thus, we have a difference 
of opinion that at first seems to be absolute. Nevertheless, I 
think that something good can come from an examination of 
this disagreement. 

The uncertainties that we share relate to the nature of 
controls, the differences between total populations and se- 
lected treated samples, and the limitations involved in mathe- 
matical analysis of biologic phenomena. 


THE NATURE OF CONTROLS 


The initial study by Wilson and Adson” involved 60 patients 
who had hepatic metastases from colorectal cancer removed 
between 1948 and 1972. More than one third of those patients 
whose resected liver lesions appeared to be solitary lived 5 
years or longer. We wondered then, as Dr Silen wonders now, 
about the natural course of untreated disease and about the 
nature of surgical selection. Therefore, the report included a 
control group of 60 patients evaluated surgically during the 
same era. These controls had apparent control of their prima- 
ry and regional disease and had hepatic metastases that were 
subjected to biopsy but not removed in accordance with per- 
sonal surgical judgments. They were matched with the group 
who underwent resection with respect to age, sex, and size 
and number of metastatic lesions. Three fourths of both re- 
sected and unresected lesions were 4 cm or less in size, and for 
almost three fourths of both groups the interval between 
diagnosis of the primary and metastatic tumors was -ess than 
3 months. Thus, the controls were not “far advanced [or] 
present for a considerable period.” These historical controls 
are imperfect. However, their validity must be compared 
with “modern certainties” that also are less than absolute. 

Also, as we try to distinguish between the effect of treat- 
ment and what nature itself can do, we must distinguish 
between the significance of short- and long-term survival. 
Survival for 2 years is determined more by the natural course 
of malignant hepatic disease than by removal of such lesions. 
However, long survival of 5 or more years is determined more 
often by removal of tumor than by their slowing growth. 


Accepted for publication April 28, 1989. 

From the Department of Surgery, Mayo Medical School, Rocheszer, Minn. 

Reprint requests to Department of Surgery, Mayo Clinic, Rochester, MN 
55905 (Dr Adson). 


Arch Surg—Vol 124, September 1989 


CONFUSION ABOUT TOTAL POPULATIONS AND 
SELECTED TREATED SAMPLES 


Opportunity for curative resection of hepatic metastases is 
low, and overall usefulness of such surgery is scant —but this 
should not blind us to the significant benefits available to a 
selected few. In Dr Silen’s conclusion, meaning is obscured by 
comparison of numerators and denominators from different 
sets. There is a need to distinguish more clearly between the 
limited influence of resection on a total population and the 
benefits available to a well-defined subgroup that can be 
treated well. This subgroup consists of patients who have had 
limited primary and regional disease removed and have what 
appear to be solitary hepatic lesions of moderate size that can 
be removed with clear margins. If such patients are found to 
have no evidence of residual primary, regional, or other meta- 
static disease at the time of hepatic resection, their chance for 
survival for 5 or more years is 30% to 50%. 

This minority (+ 15% of all who have hepatic metastases) is 
overshadowed by their opposites—the majority of patients 
who have liver metastases that are multiple (more than 
three), that extend beyond clear resectional margins, or that 
are associated with residual primary, regional, or other meta- 
static disease. This majority cannot be helped by surgery. 

Unfortunately, between these two groups (between those 
patients likely to live long after their lesions have been re- 
moved, and those whose survival is not affected by what 
surgeons do) there is a third group of patients seen by sur- 
geons more often and less clearly than the other two. The 
problems with understanding and with the surgical decisions 
that are so hard to make have to do with our inability to see 
what is going on between these two extremes. It is within this 
group that Dr Silen and I should try to find a common ground. 

More is known about the determinants of prognosis than is 
evident in Dr Silen’s article.** Enough is known, in fact, to 
consider another 10% or more of all patients as a part of the 
first, more favored group—but only by accepting diminishing 
returns. This is because the predictive value of these vari- 
ables is limited. Even the best studies of factors that deter- 
mine prognosis are less useful clinically than we have hoped, 
because only a few obvious factors can be seen as absolute 
predictors of therapeutic failure. Most determinants are only 
qualifiers that may limit, but not preclude, surgical suecess. 

Instead of arguing about the nature of validity, we should 
give our full attention to what it is that we really ought to do. I 
have accepted this chance to reexamine my views of validity 
and truth. However, I do not like to argue with Dr Silen 
without knowing more about why we disagree. I hope that 
together we might remove the “perhaps” from his “attempt to 
provide some kind of rational approach to this common prob- 
lem,” because I am beginning to see a somewhat more scien- 
tific way to find out what is going on. 

Already we agree that most hepatic metastases should not 
be treated surgically. If I can get Dr Silen to see the good 
reasons to remove liver lesions from a small, easily definable 
group of patients (without neglecting half of this cohort by 
assignment to a nontherapeutic trial), then together we should 
be able to identify a subgroup of patients for whom uneven 
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Fig 1.— Overall survival of 141 patients who had resection of liver 
metastases from colorectal cancer, including three postoperative 
deaths, patients with Dukes’ class B and C primary lesions, patients 
with solitary and multiple hepatic tumors, and patients (18%) who also 
had extrahepatic metastases removed. The gap between expected 
and observed survival is evidence of our preoperative ignorance of 
each tumor's stage. Sustained survival after 5 years likely is evidence 
of the combined effect of surgical selectivity and the natural course of 
disease (from Adson"). 


effort can be justified in controlled prospective therapeutic 
trials. 


THE LIMITATIONS OF SURGICAL SCIENCE 


I agree that there is need for better data, but I am not sure 
where more clinical or statistical power can be found. As we 
hope for surgery and science to be more alike, we must try to 
understand why our science is so poor. Our ability to study 
cancer mathematically is limited by the invisibility of the 
biologic phenomena that prevail.” A phenomenon must be 
defined precisely before it can be numbered, and the major 
determinants of prognosis (that we are concerned with here) 
cannot be numbered well. Science is a priceless tool—but, 
when a good scientific method is not at hand, we must not 
claim that the understanding that science conveys is the only 
kind of understanding that there is. We must be dependable 
despite our undependable science. Not to choose involves a 
choice, and not to act involves responsibility. If we require 
perfect scientific justification for everything we do, we are 
left with a perfect neutrality—isolated from patient care. 
Direct observation of each patient may show some truths that 
statisticians have no way to see. 

In the study of hepatic metastases, validity is diminished by 
faults common to historical and concurrent controls. The 
validity of controls is affected less by haphazard retrospective 
selectivity than by the overwhelming influence of the things 
we cannot see. In fact, as we try to avoid the half truths that 
may lead us clinically astray, we will find new problems in 
trying to deal with our new surmise. The aura of respectabil- 
ity that surrounds prospective randomized trials is dimin- 
ished by a new set of uncertainties: the “suggested presence” 
of hepatic metastases proves to be a figment one time in 
three,’ and the effort to apply the Gompertz equation to 
explain the difference between palpable and “occult” liver 
lesions becomes a “precarious (mathematical) exercise.” 
These efforts are not good substitutes for the old quandaries 
about the number, size, and site of hepatic metastases that we 
are trying to leave behind.” 

We have used computed tomography since our first report 
of 1976. This, other techniques for imaging, and carcinoem- 
bryonic antigen assay have changed surgical practice. More 
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Fig 2.—Survival curves of patients (N = 141) treated by resection of 
hepatic metastases compared with that of patients who had untreated 
solitary (n=39) and multiple unilateral (n=31) hepatic metastases 
from colorectal cancer. No patient had clinical evidence of residual 
primary or regional disease at the time of removal or detection of the 
liver tumors. The effect of resection is evident only after 2 years (from 
Adson’). 


liver lesions are found months or years after the primary 
tumors have been removed, and smaller metastases now can 
be seen. Large, late-appearing metastases can be removed 
now with more assurance that there are no other small metas- 
tases around, and we are beginning to see some of the small 
lesionsthat determined our earlier therapeutic failures. Some 
patients can be spared futile surgical procedures. Also, some 
lesions are located where enlargement (doubling) will not 
preclude later clean removal after some delay. Patients with 
such lesions may be observed for a few months to see what 
else might be going on. These new technologies may help with 
the identification of a subgroup of patients to study in con- 
trolled therapeutic trials. 


CONCLUSIONS 


There is no way now to make really good surgical decisions 
about cancer when we are blind to each tumor’s stage. Some 
day we will be given the ability to see the micrometastases 
that are responsible for therapeutic failure, and some day 
biologie manipulation of malignant cells will subsidize or re- 
place our surgical endeavor. Meanwhile, we must try to un- 
derstand why our science and our humanity are so far apart. 
And we must not let a shallow science interfere with the 
kindness that is our real goal. 


References 


1. Silen W. Hepatic resection for metastases from colorectal carcinoma is of 
dubious value. Arch Surg. 1989;124:1021-1022. 

2. Wilson SM, Adson MA. Surgical treatment of hepatic metastases from 
colorectalecancers. Arch Surg. 1976;111:330-334. 

3. Hughes K. Registry of hepatic metastases, resection of the liver for 
colorectalkcarcinoma metastases: a multi-institutional study of indications for 
for resection. Surgery. 1988;3:278-288. 

4. Hughes KS, Rosenstein RB, Songhorabodi S, et al. Resection of the liver 
for colorectal carcinoma metastases: a multi-institutional study of long-term 
survivors. Dis Colon Rectum. 1988;103:1-4. 

5. Adsen MA. Resection of liver metastases: when is it worthwhile? World J 
Surg. 1987;11:511-520. 

6. Adson MA. Clinical surgeons who write: pride, prejudice, and responsibil- 
ity. Arch Surg. 1986;121:509. 

7. Finlay IG, McArdie CS. Occult hepatic metastases in colorectal carcino- 
ma. Br J Surg. 1986;73:732-735. 

8. Finlay IG, Meek D, Bruton F, et al. Growth rate of hepatic metastases in 
colorectal carcinoma. Br J Surg. 1988;75:641-644. 

9. Adson MA. Cannon Lecture: hepatic metastases in perspective. AJR. 
1983;140:695. 


Resection of Hepatic Metastases — Adson 


Hepatic Resection in 120 Patients 


With Hepatocellular Carcinoma 


Miin-Fu Chen, MD; Tsann-Long Hwang, MD; Long-Bin Benjamin Jeng, MD; 


Yi-Yin Jan, MD; Chia-Siu Wang, MD; Fong-Fu Chou, MD 


è During the 11-year period from 1977 through 1987, hepatic 
resections were carried out in 120 patients with hepatocellular 
carcinoma (HCC). Twenty-five had HCCs smaller than 5 cm in 
diameter. There were 97 male and 23 female patients, with an 
average age of 51.5 years. Among them, 45.8% had liver 
cirrhosis and 80.8% were positive for hepatitis B surface 
antigen. Fourteen with ruptured HCCs underwent hepatic 
resection to control the intra-abdominal hemorrhage. Opera- 
tive mortality within one month after surgery was 4.1%. The 
postoperative course was complicated by pleural effusion in 
5.8%, subphrenic abscess in 2.5%, postoperative bleeding in 
1.6%, hepatic failure in 1.6%, and bile leakage in 0.8% of the 
patients. The overall five-year survival rate in this series was 
25.9%, while survival for the last five years was better (42.3% 
vs 11.9% for patients treated between 1977 and 1982). The 
cumulative survival rate had no relation to tumor rupture or 
liver cirrhosis. The group of patients with smaller tumors 
(diameter, <5 cm) or without vascular invasion by tumor had 
better survival. 

(Arch Surg 1989;124:1025-1028) 


osname earcinoma (HCC) is a relatively common 

malignant tumor throughout the world. Taiwan also 
has a high incidence of liver cirrhosis and HCC.'* The 
prognosis for HCC is extremely poor. It is usually incurable 
and rapidly lethal.** Although there are some therapeutic 
alternatives, surgery by hepatic resection is still the 
method of choice, whenever feasible, for this malignant 
tumor.*”* 

However, the resection rate for HCC remains low because 
of a high incidence of associated liver cirrhosis or the direct 
invasion of tumor into the portal or hepatic vein, or early 
spread to the entire liver.*" 

The present report reviews our experience with surgical 
resection in 120 patients with HCC during an 11-year 
period, with emphasis on the factors that influenced the 
patients’ long-term survival. 
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PATIENTS AND METHODS 


Charts of 120 patients who had undergone hepatic resection for 
HCC in the Department of Surgery, Chang Gung Memorial 
Hospital, Taipei, Taiwan, during the ll-year perioe from 1977 
through 1987 were reviewed (Fig 1). There were 97 male and 23 
female patients (4.2:1). The age of the patients ranged from 16 to 
81 years, with a mean of 51.5 years (Fig 2). 

Liver cirrhosis was the associated disease in 55 (46.8%). Three 
had had repeated hepatectomy operations due to recurrence, 
including two who had had a third hepatic resection. Sixty-seven 
percent of patients underwent major hepatic resect.on and 33% 
underwent wedge or segmental resection (Table). Masor anatomic 
resections included lobectomies, extended lobectomies, and lateral 
segmentectomies. Small HCCs were found in 25; these were 
subclinic or asymptomatic, and most of them were ‘ound in the 
last five years of the study (Fig 3). Fourteen patients with 
spontaneous rupture of HCCs underwent hepatic resection to 
control intra-abdominal hemorrhage. 

Postoperative complications were carefully monitered. Opera- 
tive death means that the patient died within 30 deys after the 
operation. Survival was analyzed by the Kaplan-Me=r method," 
and survival curves were compared by the generalized Wilcoxon 
test. A value of P<.05 was considered to be statistzally signifi- 
cant. 


Preoperative Testing 


Liver funetion was assessed by Child’s classification. Ninety-six 
patients had Child’s class A, 24 had class B, and none had class C. 
Serum a-fetoprotein (AFP) and hepatitis B surface antigen levels 
were measured by radioimmunoassay commercial kits. Serum 
hepatitis B surface antigen was present in 97 patients (80.8%), 
and serum AFP level was 10 ug/L or less in 23 (19.25). 


Technique of Hepatic Resection 


Hepatic resection was carried out mainly by the finger fracture 
technique, with division of inflow vessels, hepatic ducs, and veins, 
and dissection of the liver parenchyma.'*!” Lin’s hepatic clamp 
was occasionally used in hemihepatectomy."* However, vascular 
isolation at the liver hilum was performed in the latter resections. 
For lesions distant from the hilar area, especially in vatients with 
liver cirrhosis, Pringle’s maneuver or temporary clamping of the 
hepatic artery was used before applying the finger dissection 
technique. 
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Fig 1.—Number of patients per year and sex distribution of 120 
patients with hepatocellular carcinoma. In total, 97 patients (80.8%) 
were male (open bars) and 23 (19.2%) were female (hatched bars). 
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Fig 2.—Age distribution of 120 patients with hepatocellular carci- 
noma. Mean age was 51.5 years. 


Types of Hepatic Resection in 120 Patients With 
Hepatocellular Carcinoma by Period in Which Surgery 
Was Performed 


No. (%) 


1983-1987 Total 
4 (4.7) 4 (3.3) 
28 (32.5) 43 (35.8) 
20 (23.3) 22 (18.3) 
22 (25.6) 33 (27.5) 
9 (10.4) 12 (10.0) 
3 (3.5) 6 (5.0) 
86 (100) 120 (100) 


Type of Procedure 1977-1982 
Extended right lobectomy o (0) 

15 (44.1) 
2 (5.9) 
11 (32.4) 
3 (8.8) 
3 (8.8) 


Right lobectomy 

Right partial lobectomy 
Left lobectomy 

Left partial lobectomy 
Wedge resection 

Total 34 (100) 





RESULTS 
Morbidity and Mortality 


The major postoperative complications were subphrenic 
abscess in seven patients (5.8%), pleural effusion in three 
(2.5%), postoperative intra-abdominal bleeding in two 
(1.6%), hepatic failure in two (1.6%), and biliary fistula in 
one (0.8%). Two patients, one with asymptomatic HCC and 
the other from the symptomatic group, died of massive 
bleeding during the operation followed by coagulopathy 
and adult respiratory distress syndrome. These two pa- 
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Fig 3.—Wumber of patients with small, asymptomatic, or subclinical 
hepatocellular carcinomas (hatched bars). Open bars indicate 
larger carcinomas. There were a total of 25 small carcinomas 
(20.8%) among the 120 patients (two of 34 [5.9%] from 1977 
through 1982 and 25 of 86 [26.7%] from 1983 through 1987). 
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Fig 4.— Cumulative survival rate of 120 patients with hepatocellular 
carcinoma. 
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Fig 5.—Cumulative survival rate of patients according to period 
during which surgery was performed (1977 through 1982 [solid 
line] or 1983 through 1987 [broken line}). 


tients were found to have HCC in association with liver 
cirrhosis. Three patients died of hepatic failure within one 
month of operation. The total surgical mortality was 4.1%. 


Survival 


Overall, the one-, two-, and four-year cumulative sur- 
vival rates in the 120 patients with HCC in this series were 
55.5%, 40.4%, and 32.4%, respectively (Fig 4). When the 
survival rates of the early period of the study (1977 through 
1982; n=34) and the later period (1983 through 1987; 
n=86) were compared, the latter period had much better 
one-, two-, and four-year survivals (61.1%, 51.7%, and 
42.3% vs 43.8%, 19.9%, and 15.9%, respectively) than the 
former (*ig 5). Also, significant differences in survival 
patterns were noted when the main tumor size and portal 
vein invasion were the variables analyzed. The patients 
with tumors less than or equal to 5 cm in maximal diameter 
had a better prognosis than those with tumors larger than 
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Fig 6.—Cumulative survival rate of patients by tumor size (open 
triangles, greater than 10 cm; closed circles, 6 to 10 cm; and open 
circles, 5 cm or less). 
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Fig 7.—Cumulative survival rate of patients whose tumors had 
vascular invasion (solid line) or no vascular invasion (broken line). 


5 em (P<.05) (Fig 6). The existence of portal vein invasion 
by tumor also predicted a poor prognosis (Fig 7). No 
significant difference in survival pattern occurred when 
patients with tumor rupture were compared with those 
with no rupture. Although the patients with ruptured 
tumors had a better survival pattern than those without 
rupture, the difference was not statistically significant 
(Fig 8). Microscopically proved concomitant liver diseases, 
ie, cirrhosis, fibrosis, and chronic active hepatitis, did not 
influence the survival pattern (Fig 9). 


COMMENT 


The diagnosis of HCC has increased during the last few 
years through the use of abdominal ultrasonography, AFP 
assay, and computed tomography.” As a consequence, 
the incidence of HCC, especially small HCC with cirrhosis, 
sharply increased from 5.9% (2/34) in the earlier period to 
26.7% (23/86) in the later period of this series. Thus, the 
increasing proportion of small HCC has favored increasing 
the resection rate.’ In addition, recent improvement of 
operative technique and greater knowledge of anatomy 
might also be responsible for the increasing survivals for 
the current period. 

The overall operative mortality of patients with HCC in 
the world literature varies from 4% to 33%*"*?!4; our 4.2% 
was low and compatible with the 3% operative mortality 
and the 3% hospital mortality in the other series from 
Taiwan reported by Lee et al.’ We believe that the major 
attributable factors were patient selection and the surgical 
resection technique we used. The one-year survival rate of 
55.5% in this series was low. Most patients died of recurrent 
tumor. 

There are conflicting reports on the influence of associ- 
ated cirrhosis on the prognosis of patients with HCC. Melia 
et al® and Lin et al® reported that the clinicopathologic 
features of HCC arising in noncirrhotic livers were differ- 
ent from those in cirrhotic livers and suggested a different 
prognosis. Seme authors reported that HCC in noncir- 
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Fig 8.— Cumulative survival rate of patients who had tumor rupture 
(broken line) or no rupture (solid line). 
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Fig 9.—Cumulative survival rate of patients whose livers had 
cirrhosis (solid line) or no cirrhosis (broken line). 


rhotic livers earries a better prognosis than that in cirrhotic 
livers.” More extensive resection in the noncirrhotic liver 
is more likely to provide a possible cure when compared 
with the limited extent of resection in the cirrhotic liver. 
In the present series, no significant improvement in sur- 
vival was found in noncirrhotie patients compared with 
cirrhotic patients, as was the case in the other series from 
Taiwan; one-, two-, and five-year survival in noncirrhotic 
patients (n=55), in the series reported here, was 58.9%, 
89.9%, and 32.4%, respectively, compared with 51.5%, 
41.2%, and 32.9% for cirrhotic patients (n= 65). We did not 
perform major hepatic resection without limitation in 
patients with cirrhosis. Some studies indicated that careful 
evaluation of liver function and the size of the remaining 
hepatic lobe are the two most important criteria in selecting 
candidates for major hepatectomy in patients with cirrho- 
sis. Theoretically, major hepatic resection can be per- 
formed in the presence of cirrhosis if the preoperative liver 
function is nearly within the normal range and the hepatic 
lobe that remains has a compensatory hypertrophy cue to 
a huge tumor in the lobe to be resected.” We believe that 
major hepatic resection is indicated in patients in Child’s 
class A and minor hepatectomy in those in Child’s class B. 
Patients in Child’s class C are usually not suitable for any 
hepatic resection. In most instances, extensive hepatic 
resection should be avoided on account of postoperative 
liver failure, and minor hepatectomy or limited resection 
should be reserved for patients with small HCCs situated 
in a cirrhotic right lobe. 6713.27-29 

Tumor size did play a role in prognosis in this series. 
The significant influence of the size of the tumor on the 
prognosis after hepatectomy has also been noted in other 
Asian series.* This may be due to the tumor size determin- 
ing the adequacy of the resection margin; the smaller the 
tumor, the wider and more adequate the margin. Lee et 
al’ indicated that tumor size made little difference in 
relation to survival. This discrepancy may be caused by 
differences in tumor location. Even a small tumor that is 
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almost impossible to resect adequately. 

Portal or hepatic vein invasion of HCC is a causative 
factor for intrahepatic spread and leads to satellite le- 
sions.*!** The intraportal growth of an HCC plays a role in 
prognosis, together with concomitant liver cirrhosis, re- 
sulting in the major limiting factors for cure by resection. 

Spontaneous rupture of HCC with intraperitoneal hem- 


_ orrhage is uncommon but usually causes fatal complica- 


tions. The aim of surgery is controlling hemorrhage; the 


_ liver is resected whenever possible. In this series, 14 
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patients with ruptured HCCs underwent hepatic resection, 
including ten with palliative resection. Even so, some of 
them still had long survivals; one third of them survived 
more than two years.**4 

The principles and techniques of hepatic surgery con- 
tinue to evolve. Hepatic resections carry a low operative 
mortality. Our results may indicate that the role of hepatic 
resection as a primary treatment for HCC and the factors 
that influence survival are becoming better defined. Sig- 
nificant long-term survival can be achieved for patients 
with HCC after hepatic resection. 
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- Surgical Treatment of Recurrent 


Colorectal Cancer 


Five-Year Follow-up 


Jyrki Mäkelä, MD; Kari Haukipuro, MD; Seppo Laitinen, MD; Matti I. Kairaluoma, MD 


è Analysis of 81 consecutive patients with recurrent colorectal 
cancer was undertaken to evaluate the rationale and efficacy of 
surgical re-treatment. The disease-free interval after primary sur- 
gery and the diagnostic delay did not clearly differ between the 
modes of recurrences. Symptoms preceded the diagnosis of 
recurrence in 73% (59) of the cases, with pain being the most 
frequent symptom (n = 22). Of the patients, 58% (47) underwent 
reoperations, 38% (31) underwent reresections, and 10% (8) un- 
derwent radical resections. The overall postoperative mortality 
was 13%, and the postoperative morbidity was 45%. The postop- 
erative relief of cancer symptoms after resective surgery was 8 
months and, after nonresective surgery, 2 months. The median 
survival was 24 months for patients who underwent resections, 8 
months for patients who were treated by nonresective surgery, 
and 15 months for patients who were treated conservatively. 
Radical resection clearly prolonged survival when compared 
with palliative resections and nonresective procedures. On the 
basis of these results, it was concluded that resective surgery, 
when possible, can improve survival and patient comfort after 
recurrence of colorectal cancer. 

(Arch Surg. 1989;124:1029-1032) 


ecurrent colorectal cancer is an important and difficult 

diagnostic and treatment problem. Theoretically, pri- 
mary surgery is of the utmost importance in improving sur- 
vival, but to increase the chances of survival further, we must 
detect the developing recurrence in time for surgical re- 
treatment. Previously, the results of programmed intensified 
follow-up have been questioned, however, because of the 
disappointing reresection rates and the poor long-term sur- 
vival of the patients after curative reoperations."” 

Because of the delay in diagnosis of recurrence, surgical re- 
treatment is essentially palliative. The assumption that the 
situation after detection of reeurrence is hopeless can be 
hazardous, because resective surgery can provide a prospect 
of a comfortable and useful life, even if the outlook with 
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regard to cure often remains poor.’ On the other hand, from 
the obviously improved prognosis for patients who had under- 
gone radical surgery for recurrent tumor growth, it has been 
concluded that an intensive follow-up program with subse- 
quent reoperations for local recurrences should be continued. * 

The purpose of this study is to report the results of surgical 
treatment of recurrent colorectal cancer in the 10-year period 
from 1973 through 1982 at the Oulu (Finland) University 
Central Hospital. When beginning a randomized prospective 
follow-up trial between the old follow-up protocol and the new 
intensified protocol, we wish to present the results of the old 
protocol. Aecording to the old protocol, the patients were 
seen every third month for the first 2 postoperative years and 
then every sixth month for at least 5 years after surgery. At 
each visit, the interval history was obtained, a clinical exami- 
nation was performed, and complete blood cell counts, liver 
function test results, and carcinoembryonic antigen levels 
were checked. Chest roentgenography was performed at 
each visit, and a barium enema was performed at 12 months 
and then every 3 years. Rigid sigmoidoscopy was performed 
at each visit for patients who had undergone surgery for 
rectal and sigmoid lesions. 

In this study, answers were especially looked for with 
regard to the following questions: (1) Do the latent interval 
and diagnostic delay differ among local, regional, and distant 
recurrences? (2) What kind of mortality, morbidity, and sur- 
vival is related to this cancer surgery? 


PATIENTS AND METHODS 


During the 10-year period from 1973 through 1982, 255 patients 
underwent surgical exploration at the Oulu University Central Hos- 
pital for primary colorectal cancer. In 30 patients (12%), liver metas- 
tases were found at laparotomy; in 29 patients (11%), resection was 
palliative for the intra-abdominal or extra-abdominal spread of can- 
cer; and in 23 patients (9%), the intra-abdominal disease was unresec- 
table. These 82 patients were excluded from the-study. The remain- 
ing 173 patients underwent operations with curative intent, but 81 
(47%) of them developed a recurrence during the follow-up of a 
minimum of 5 years. The histories of these 81 patients were investi- 
gated in detail. 
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Table 2.—Postoperative Complications 


Complication No. of Patients No. of Deaths 


Intra-abdominal sepsis 
Early obstruction 
Intestinal fistula 


Wound infection 
Multiple-organ failure 





*One patient died solely of the malignant disease without any complications. 


The mean+SD age of the patients with recurrent cancer was 
62 + 12 years, ranging from 24 to 88 years. There were 45 males and 36 
females. The stage distribution of the primary tumors was as follows: 
Dukes’ A, 6; Dukes’ B, 37; and Dukes’ C, 38 tumors. Of the 81 primary 
cancers, 6 had been situated in the cecum, 2 in the ascending colon, 3 
in the hepatic flexure. 4 in the transverse colon, 1 in the descending 
colon, 19 in the sigmoid colon, and 46 in the rectum. Of these 81 
patients, 47 underwent reoperations for cancer recurrence (surgical 
treatment group), and 34 were treated conservatively (conservative 
treatment group). In the conservative treatment group, 14 patients 
received palliative external radiotherapy, 6 patients received cyto- 
toxic chemotherapy, and 5 patients received both types of therapy for 
inoperable recurrences. In the surgical treatment group, palliative 
external radiotherapy was given to 12 patients, cytotoxic chemo- 
therapy to 6 patients, and both therapies to 5 patients. 

Of the recurrences, 62 (77%) developed within 2 years, 16 (20%) 
developed between 2 and 5 years, and 3 (4%) developed after more 
than 5 years. All local recurrences, 25 (81%) of the 31 regional 
recurrences, and 31 (70%) of the 44 distant recurrences appeared 
within 2 years. All 3 recurrences discovered after 5 years were 
distant recurrences. Of the local recurrences, 4 followed anterior 
resection (3 of which were performed for rectal cancer and 1 of which 
was performed for sigmoid cancer), 1 developed after transanal exci- 
sion of rectal cancer, and 1 developed after Hartmann’s procedure 
performed for sigmoid colon cancer. 

Patients were examined with respect to the free interval from 
primary surgery to the detection of recurrence, the diagnostic delay 
from recurring symptoms to the detection of recurrence, the postop- 
erative mortality and morbidity, the postoperative relief of cancer 
symptoms, and the survival. 

A recurrence in this study was defined as a regrowth of cancer after 
an asymptomatic interval of 3 months from primary surgery. A local 
recurrence was defined to be restricted at or around the anastomosis. 
In regional recurrences, there was a cancer growth beyond the site of 
primary resection, with or without involvement of regional lymph 
nodes. The involvement of retroperitoneal lymph nodes, with or 
without distant metastases, meant a distant recurrence. Inthe surgi- 
cal treatment group, recurrence was local in 6 patients, regional in 20 
patients, and distant in 21 patients. In the conservative treatment 
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Conservative Treatment Group 


Range Mean + SD Median Range 


group, evaluation of cancer growth showed distant spread in 23 
patients and extensive regional growth in 11 patients. 

In the present study, resection denotes surgical removal of a tumor 
with or without removal of intestine. Resection was radical when all 
cancer tissue was macroscopically removed with microscopically 
evaluated clearance of surgical margins. In a palliative resection, 
clinical or histological evidence of residual disease was seen at the 
time of surgery. 

Operative mortality was defined as any death that occurred within 
30 days of surgery or during the same hospitalization. Postoperative 
relief of cancer symptoms was defined as the symptom-free interval 
from reoperation to recurring symptoms. 

Analysis of survival was made according to the life-table method,’ 
without excluding operative mortality. The differences between the 
mean values were tested by one-way analysis of variance. 


RESULTS 


In the surgical treatment group, recurrences were not 
identified earlier than in the conservative treatment group, 
which is shown in Table 1. The patients who underwent 
radical secondary operations had a median disease-free inter- 
val of 13 months, and patients who underwent palliative 
reoperations had one of 15 months. Thirty-five patients (74%) 
in the surgical treatment group and 24 patients (71%) in the 
conservative treatment group had specific symptoms at the 
time of detection of recurrence. The most frequently ob- 
served symptoms were pain (n= 22), obstruction (n = 15), and 
intestinal bleeding (n=4). The diagnostic mean + SD delay 
did not differ between the surgical (3 +5 months) and conser- 
vative (3+2 months) treatment groups. The mean+SD de- 
lay in surgical treatment subgroups was as follows: local, 1+1 
month; regional, 3+5 months; and distant, 3+5 months. In 
the conservative treatment group, the mean + SD delay was 
4+4 months for patients with regional recurrences and 2+1 
months for patients with distant recurrences. 

The resectability rate was 38% (31/81). Of these 31 resec- 
tions, 8 were radical. Recurrence was local in three of the 
eight radical cases, regional in three cases, and distant in two 
cases. One local recurrence was treated with an abdomino- 
perineal resection, and two were treated with segmental left- 
sided colectomies. A transverse colectomy with a pancreato- 
duodenectomy, a segmental colectomy with a hysterectomy, 
and a jejunal resection were performed for the three regional 
recurrences with involvement of the respective organs. Two 
patients underwent a partial hepatic resection for a single 
metastasis. All local recurrences, 48% of the regional recur- 
rences, and 23% of the distant recurrences were resected. 

In addition, three enterocolic and two enteroenteric by- 
passes and three sigmoid and two transverse colostomies 
were performed. In six patients, an abdominal exploration 
only was done. 

The overall postoperative mortality was 13% (6/47). Intra- 
abdominal hemorrhage (n=2), postoperative intra-abdomi- 
nal sepsis (n=2), and hepatorenal syndrome (n= 1) were the 
causes of death (Table 2). One patient died postoperatively 
because of the malignant disease without any evidence of 


Recurrent Colorectal Cancer—Makela et al 


Table 3.—Survival After Operations Performed for Recurrent 
Colorectal Cancer According to Operative Procedures 


Survival 
——————————— TOT 


Median, Range, 


mo mo Cumulative 5 y, % 


Operative procecure 
Resection 
Radical 
Palliative 
Enterostomy 
Bypass 
Laparotomy 
Overall 
surgical 
treatment 
Overall 


conservative 
treatment 


specific complications. The operations performed for local 
recurrences were associated with a mortality of 17% (1/5), and 
the operations performed for regional and distant recur- 
rences were associated with a mortality of 15% (3/20) and 10% 
(2/21), respectively. Five of the six deaths occurred after 
resective surgery, and one occurred after the creation of a 
colostomy. 

The overall postoperative morbidity was 45% (21/47). In 
patients with local recurrences, complications arose in 33% 
(2/6), and in patients with regional and distant recurrences, 
complications arose in 45% (9/20) and in 48% (10/21), respec- 
tively. Intra-abdominal hemorrhage (n=4) was the most 
common complication. The morbidity rates after resection, 
bypass, and enterostomy procedures were 42% (13/31), 60% 
(3/5), and 60% (3/5), respectively. 

The median survival times according to the operative pro- 
cedures are presented in Table 3. Following resective sur- 
gery, the median survival was 24 months and thet after 
nonresective surgery was 8 months. Twenty-six patients 
(55%) in the surgical treatment group and 18 patients (53%) in 
the conservative treatment group survived for more than 1 
year; eight patients (17%) in the surgical treatment group and 
one patient (3%) in the conservative treatment group sur- 
vived for more than 5 years. Of the eight living patients in the 
surgical treatment group, seven had undergone radical resec- 
tions; the remaining patient had undergone a palliative seg- 
mental colectomy and is still living with recurrence 6 years 
after that operation. A distant recurrence developed in the 
inguinal lymph nodes in the 5-year survivor of the conserva- 
tive treatment group, and this patient received external ra- 
diotherapy in the inguinal region. The patient died 5 years 1 
month after the beginning of radiotherapy. 

The cumulative survival rates after radical and palliative 
resections and after nonresective surgery are illustrated in 
Fig 1. Figure 2 demonstrates the cumulative survival rates 
according to the mode of recurrence. The overall 5-year cumu- 
lative survival in the surgical treatment group was 18%, and 
in the conservative treatment group, it was 3%. The relation- 
ship between the mode of recurrence and survival is recorded 
in Table 4. 

Following surgical treatment, patients with local recur- 
rences obtained longer relief of cancer symptoms (13 months) 
than patients with regional and distant recurrences (3 and 4 
months, respectively). After resective surgery, 65% (20/31) 
of the patients experienced good relief of symptoms for more 
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Fig 1.—Survival curves after different operative procedures per- 
formed for recurrent colorectal cancer. Spread of cancer is not equal 
among the treatment groups. Solid curve indicates radical resection; 
broken curve, palliative resection; and dotted curve, other procedures. 
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Fig 2.—Survival curves according to modes of recurrences. Solid 
curve indicates local recurrence; broken curve, regional recurrence; 
and dotted curve, distant recurrence. 


than 3 months, 55% (17/31) for more than 6 months, and 39% 
(12/31) for more than 1 year. The corresponding percentages 
after nonresective surgery were 44% (7/16), 19% (3/16), and 
6% (1/16). Following resective surgery, the median relief of 
cancer symptoms was 8 months and that after nonresective 
surgery was 2 months. 


COMMENT 


Recurrent colorectal cancer is caused by a failure to remove 
the original tumor. This failure manifests itself in 60% to 80% 
of the cases in the form of recurrence within 2 years.” In this 
study, 62 (77%) of the recurrences appeared within 2 years. 
After the detection of recurrence, it is mandatory to evaluate 
exactly the extent of recurrent disease before the decision to 
operate, beeause extensive local regrowth and distant metas- 
tases generally rule out radical resection and any hope of long- 
term survival. Despite new diagnostic methods, however, the 
resectability can only be determined with certainty at 
laparotomy. 

The follow-up of colorectal cancer should offer earlier de- 
tection of asymptomatic recurrences for radical re-treatment. 
Twenty-seven percent (22) of our patients were asymptomat- 
ic, but these patients were evenly distributed between the 
surgical and conservative treatment groups. The apparently 
cancer-free interval after primary surgery and the diagnostic 
delay were also equal. This leads inevitably to the opinion that 
our old follow-up program has been too incomprehensive and 
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Table 4.—Survival According to Mode of Recurrence in Surgical and Conservative Treatment Groups 


Surgical Treatment Group 


ce-_-_-_-_---_—_—_--—.:.: OC TY, 


Median, mo Range, mo 


Cumulative 5 y, % 


Conservative Treatment Group 
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Median, mo Range, mo Cumulative 5 y, % 





Distant 21 15 0-90 


Overall 47 12 0-161 17 34 15 2-60 3 


insensitive to detect the patients with recurrences suitable 
for operative treatment. In the present series, the median 
disease-free interval was 13 months, which is the same as 
reported by Stulc et.al.° 

The mortality rate (13%) was high but consistent with the 
results of earlier series.”"' Five of our six postoperative 
deaths occurred after palliative resection. Two of these five 
patients died of postoperative intra-abdominal bleeding 
caused by extensive dissection of cancer tissue, and two 
patients died of abdominal sepsis due to anastomotic leakage. 
Although a palliative resection has been advocated as a 
worthwhile palliative procedure for advanced primary color- 
ectal” and rectal™ cancer, we recommend sensible consider- 
ation before performing a palliative resection when faced with 
a definitely incurable recurrent disease. Our postoperative 
deaths reflect the seriousness of the recurrent disease and 
poor genera! condition of the patients with advanced cancer. 
These deaths could perhaps be prevented by more exact 
preoperative evaluation. 

The complication rate herein was 45%, which is frighten- 
ing, but Bordos et.al” have described a morbidity rate of 50% 
for patients who underwent palliative abdominoperineal re- 
sections. The incidenee of sepsis here was acceptable, and the 
number of intra-abdominal hemorrhages was understand- 
able, but both these complications proved to be extremely 
dangerous. The formation of an intestinal fistula was not as 
fateful because conservative treatment with parenteral nutri- 
tion seemed to be suecessful. With these patients, a certain 
risk of postoperative complications must be accepted, but it 
must be lowered in the future. 

Eight of our patients underwent curative resections, witha 


median survival of 61 months and a cumulative 5-year surviv- 
al of 86%. In 24 patients, in whom the resections were done for 
palliation, the median survival was 15 months, and the cumu- 
lative 5-year survival was 4%. Palliative resective and nonre- 
sective surgeries, aimed to treat or to prevent life-threaten- 
ing complications, were not followed by any better prognoses 
than eonservative treatment, which has been reported earlier 
by Welch and Donaldson.” 

All of our patients with local recurrences underwent resec- 
tions: three for cure and three for palliation. Two of these six 
patients are long-term survivors. Radical resection of locally 
recurrent carcinomas of the colon and rectum has been well 
documented,” and radical resection sometimes seems to be 
also possible in patients with regional and distant recur- 
rences, as was seen here. 

Resective surgery offers the best relief of cancer symp- 
toms, but the survival achieved by other surgical treatment 
alternatives is not longer than that of conservative treat- 
ment. Some of the patients, however, must be submitted to 
nonresective surgery, when the agony of remaining life will 
be only slightly relieved. In the individual patient, of course, 
even a brief respite of the serious disease can be meaningful. 

It has been previously concluded” that intensive follow-up 
can lead to earlier detection of recurrent colorectal cancer and 
to increased repeated resection rates for cure. Our results 
seem to be promising for improvement in survival through 
radical reresection. An intensive follow-up regimen, with 
randomization with the old protocol, will therefore be con- 
ducted at our hospital to solve definitely, whether or not it 
leads to earlier detection of recurrent colorectal cancer and 
improved survival after reresection. 
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Improved Early Results of Elective 


Hepatic Resection for Liver Tumors 


One Hundred Consecutive Hepatectomies in Cirrhotic and Noncirrhotic Patients 


Dominique Franco, MD; Claude Smadja, MD; Jonathan L. Meakins, MD; 


Andrew Wu, MD; Laurent Berthoux, MD; Didier Grange, MD 


è Liver resection for a neoplasm was performed in 100 
patients between 1979 and 1987. There were 43 hepatocellular 
carcinomas (70% of them arising in patients with cirrhosis), 
28 metastases from colorectal cancers, 20 benign tumors, and 
9 miscellaneous tumors. Forty-nine patients had a major liver 
resection, 36 a segmentectomy, and 15 a nonanatomic liver 
resection. Great care was taken to avoid intraoperative and 
postoperative bleeding, including late ligation of the hepatic 
vein, the use of Kelly fracture and resorbable clips for hemo- 
stasis of transection planes in 74 patients, and temporary 
clamping of the portal pedicle in 22. Drainage of the abdomen 
was avoided in 21 patients to prevent ascitic leakage to 
decrease the postoperative hospital stay. Operative mortality 
was 1%. There were eight major complications, including one 
bile leak, one subphrenic abscess, and three subphrenic 
hematomas. The use of resorbable clips significantly reduced 
operative time and transfusion requirements. In patients with 
cirrhosis, temporary clamping of the hepatic pedicle signifi- 
cantly decreased blood loss. Avoiding drainage significantly 
decreased the postoperative hospital stay. 

(Arch Surg. 1989;124:1033-1037) 


pe oes for elective liver resections in adults have 
expanded with the extension of surgical limits for 
primary and secondary malignant liver tumors and in- 
creased diagnosis of benign liver tumors. Although the 
risk of elective liver resection has been steadily decreasing, 
operative mortality still averages 10% and the rate of 
postoperative complications 25% in the most recent pub- 
lished series.'*4 Since 1979, we have developed a prospec- 
tive program continuously evaluating our results to im- 
prove the immediate outcome of liver resection. The 
operative principles have been resection along anatomic 
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planes to avoid major vessel injuries within the liver and 
porta hepatis and parenchymal devitalization, while ad- 
vancing operative techniques to decrease blood loss curing 
surgery and to avoid injury to the bile ducts. The purpose 
of this work is to report on the first 100 adult patients 
operated on in this program. 


PATIENTS AND METHODS 


Between June 1979 and June 1987, 100 consecutive patients 
underwent elective hepatic resection for a liver tumor. All opera- 
tions were performed by one of three surgeons (D.F., C.S., and 
D.G.). Patients were operated on between June 1979 and October 
1983 at Hôpital Paul Brousse, Villejuif, France, and since Novem- 
ber 1983 at Hépital Louise Michel, Evry, France. There were 42 
women and 58 men. The mean (+ SD) age was 53 + 14 years (range, 
18 to 79 years). Thirty of the patients had liver cirrhosis. 

The nature of the tumors is indicated in Table 1. Hepatoeellular 
carcinoma was the most common cause for resection, with 30 
(70%) arising in a cirrhotic liver. The tumor size is indicated in 
Fig 1. Smallest tumors were removed in patients with hepatocel- 
lular carcinoma and cirrhosis. 

The type of resection performed is shown in Table 2. Hepatec- 
tomies were defined according to the anatomic classification of 
Couinaud,” dividing the liver into eight separate segments (Fig 
2). There were 49 major liver resections, 36 segmentectomies,” 
and 15 nonanatomic resections, a cube of liver parenchyma con- 
taining the tumor with 1- to 2-cm margins away from the tumor. 
These nonanatomic resections were performed for small tumors 
located at the boundaries of two or more segments of the right 
lobe and more particularly in cirrhotic livers. In eight patients, 
liver resection was a rehepatectomy performed 2 months to 3 
years after the first partial liver resection. 

All operations were performed through a right subcostal incision 
extending posteriorly to the tip of the tenth rib and 4 to 8 cm 
across the midline. Strong mechanical retractors lifted the costal 
margin cephalad, exposing the liver. Extension of the incision into 
the thorax was not necessary. Major resections were dane only 
after complete mobilization down to the vena eava of the part of 
the liver to be removed. Early individual transection of the right 
or left portal, arterial, and biliary branches was done at the 
entrance into the liver. Hepatic veins were not dissected free until 
the transection of parenchyma was almost completed. 


Elective Liver Resection—Franco eta! 1033 


Table 1.—Nature of Liver Tumor in 
100 Consecutive Patients Undergoing Liver Resection 


No. of 


Type of Tumor Patients 


Hepatocellular careinoma 
In norma! liver 
In cirrhotic liver 
Other primary malignant liver tumor 
Benign liver tumors 
Hemangioma 
Adenoma 
Focal nodular hyperplasia 
Liver metastases from colorectal carcinoma 
Other liver metastases 


re 2 ASG 7 8 8 10 1112 18 14 15-22 


Tumor Diameter, cm 





Fig 1.—The largest diameter of the tumor in 100 patients under- 
going liver resection for hepatic tumor. White bars represent tumors 
in anormal liver; dotted bars, hepatocellular carcinoma in cirrhotic 
liver. Numbers above bars are numbers of patients. 


Liver transection strictly on anatomic planes was done with a 
modification of the finger fraeture technique, the Kelly fracture.” 
This entailed gentle crushing of liver tissue with a Kelly clamp, 
which isolated vascular and biliary radicles and allowed identifi- 
cation of both large and small vessels without injury. In the first 
24 patients, the skeletonized vessels and bile ducts were ligated. 
Subsequently, resorbable clips (Ethor, Neuilly-sur-Seine, France) 
were used. In 38 patients, the hepatic pedicle was intermittently 
clamped for total periods ranging from 6 to 55 minutes (mean +1 
SD, 25+ 15 minutes) to decrease blood loss further during paren- 
chymal transection time. In the last 18 patients with cirrhosis, 
the hepatic pedicle was routinely clamped, for intervals of 10 
minutes, from the beginning of parenchymal transection. 

In the first 79 patients, abdominal drainage was routine. Since 
May 1986, we have aveided abdominal drainage in all patients with 
cirrhosis to prevent ascitic leak and subsequent infection and in 
noncirrhotic patients undergoing limited liver resections, to 
shorten the postoperative hospital stay. 

Postoperative care included adapted fluid replacement and 
initial monitoring in an intensive care unit. There was no specific 
treatment protocol ether than basic management. Antibiotic 
therapy was not used exeept in patients with cirrhosis, who had a 
short perioperative course of cefotetan. Anticoagulant therapy 
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Table 2.—Type of Liver Resection Performed for 
Liver Tumors in 100 Consecutive Patients 


No. of 


Type of Resection Patients 


Major liver resection 
R hepatectomy (segments V-VIII) 
F hepatectomy extended to segment IV 
R hepatectomy extended to segment | 
R hepatectomy extended to segments IV and | 
L hepatectomy (segments l-IV) 
L hepatectomy extended to segment VIII or V 
Segmentectomies 
1 segment 
2 segments* 
3 segmentst 
Nonanatomic liver resection 


*This includes six left lobectomies (segments II and III). 
tThis patient underwent resection of segments V, VI, and VII. 


9 
X 
=~ 
`> S 


sf H URAA, 
Varuna My, 


gi 


Fig 2.— Segmental anatomy of liver according to Couinaud.”® 


was not used, except in two patients who were on a trial of 
subcutaneous low-molecular-weight heparin. This was stopped 
because of hemorrhagic complications. None of the patients 
received branched-chain amino acids as an artificial nutritional 
support. Fresh-frozen plasma and/or albumin was administered 
only in patients with prolonged flow of ascites by the abdominal 
drain. 

Results are expressed as mean+1 SD. Comparison between 
groups was done by comparisons of means by Student’s t test or 
by the x? analysis. 


RESULTS 


There were four intraoperative complications. In one 
patient a minor air embolism was identified by sound, 
when a small left hepatic vein was cut, without clinical 


symptoms. Prolonged oozing from the liver resection sur- 


face occurred in a cirrhotic patient; it required 900 mL of 
packed red blood cells and was controlled after administra- 
tion of fresh platelets. A third patient, who had had a right 
hepatectomy 1 year before, developed an acute thrombosis 
of the portal vein during the resection of segment IV for 


Elective Liver Resection—Franco et al 


e 


Table 3.—Transfusion of Packed Red Blood Cells, Infusion of Fresh-Frozen Plasma, and 
Total Duration of Operation in 100 Hepatectomies for Liver Tumor 


Mean+SD 


Se a 


All patients 


Type of resection 
Major hepatectomy 


Segmentectomy 
Nonanatomic resection 
Method of hemostasis of transection plane 
Ligatures 
Resorbable clips 
Cirrhosis 
Yes 
No 


Clamping of hepatic pedicle in patients with cirrhosis 
No 


Yes 


*P<.001 vs segmentectomy. 
tP<.02 vs resorbable clips. 
+P<.01 vs resorbable clips. 
§P<.001 vs resorbable clips. 
|/P<.02 vs patients with clamping. 














Table 4.—Postoperative Complications After Liver Reséction 
for Liver Tumors in 100 Consecutive Patients 









No. of 


Complication Patients 






Minor 
Pleural @ffusion 
Wound infection 
Hemolytic jaundice 1 

Major 

Subphrenic hematoma 

Subphrenic abscess 

Biliary fistulat 

Upper gastrointestinal tract bleeding 

Infected ascites 

Septicemia§ 


*Numbers in parentheses indicate patients with cirrhosis. 

tTwo patients were on a trail of anticoagulation therapy. A new type of 
surgical clip was assessed in the third patient. 

This occurred after improper closure of the left hepatic duct during a left 
hepatic hepatectomy. 

§The same gram-negative microorganism grew from an intraoperative 
sample of gallbladder bile and postoperatively from blood. 


recurrent metastasis of rectal carcinoma. The thrombosis, 
the result of poor drainage of the portal vein, was success- 
fully treated with portal vein thrombectomy and a 10-mm 
side-to-side portacaval shunt. In the fourth patient, who 
had a right hepatectomy extended to segments IV and I, 
there was a small injury of the remnant left hepatic vein. 
Hepatic vascular exclusion by clamping of the portal pedicle 
and of the vena cava below and above the liver was 
necessary for 4 minutes. 

Blood transfusion, infusion of fresh-frozen plasma, and 
operative time are indicated in Table 3. The use of resorb- 
able clips was associated with a significant decrease in 
administration of blood (P<.02) and fresh-frozen plasma 
(P<.01) and in operative time (P<.001). In cirrhotic 
patients, routine clamping of the portal pedicle decreased 
the requirement for blood transfusion (P<.02). The oper- 
ative time was only slightly reduced. 

One patient (1%) died of an unknown cause 5 hours after 
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Packed 
Red Blood Cells, U 


4. 


4. 
3.4+3.5 
3. 


5. 
3. 


4.2+2 


Total Duration 
of Operation, min 


281 +103 


Fresh-Frozen Plasma, U 


1+3.8 5.6+4.6 


337 +89 
223+91 
223 +74 


7.3+5.3* 
3.6+2.7 
46+3.9 


9+4.2 


1+2.5 


373 + 58§ 
248 + 86 


TEIT 


8.0+5.0t 
6+3.7 0+4.2 


9 §.7+3. 259 + 93 


4.1+4.1 5.6+5.1 291 +107 


5.8 + 2.7|| 
3. 





285 +91 


227 239 +90 


a right hepatectomy for liver metastasis from an adrenal 
carcinoma. Sudden death occurred after transfer to the 
ward from the recovery room after a normal wakening and 
early postanesthetic course. The liver resection had been 
uneventful; the transfusion of 6 U of blood intraoperatively 
was related to dense adhesions due to a previous right 
adrenalectomy. At necropsy, there was no evidenee of 
intra-abdominal bleeding, chest complications, or myocar- 
dial infarction. Serum electrolyte levels 5 hours before 
death were normal. 

Seventeen postoperative complications occurred in 17 
patients (17%) within 4 weeks (Table 4). Only 1 patient 
(1%) required reoperation. The rate of postoperative com- 
plications was about the same after major hepatectomies 
(8 [16.3%]), segmentectomies (5 [13.9%]), and nonanatomic 
resections (4 [26.7%]). The incidence of major complications 
was not different in the 8 patients having a second resection 
compared with the 92 patients with primary resection. 
Postoperative major complications occurred with a greater 
frequency in patients with cirrhosis (4 [13.3%]) than in 
those without cirrhosis (8 [4.3%]). There was no relation- 
ship between the incidence of postoperative complications 
and the extent of intraoperative bleeding as expressed by 
blood transfusion or clamping of the portal pedicle. 

The mean postoperative hospital stay was 16.6 + 8.6 days 
and was similar after major hepatectomy (18.2+8.9 days), 
segmentectomy (15.1+8.9 days), and nonanatomic resec- 
tion (15.2+7.4 days). In patients with limited liver resec- 
tion (segmentectomy or nonanatomic resection), postop- 
erative hospital stay was significantly shorter in patients 
without abdominal drainage (11.3+3.6 days) than in those 
with abdominal drainage (17.8+9.5 days; P<.001). This 
was still more evident in patients with cirrhosis (12.4+2.9 
days vs 20.9+9.4 days; P<.01). 

There were two late complications (>4 weeks postoper- 
atively) directly related to liver resection. One cirrhotic 
patient developed posttransfusion acute cytomegalovirus 
infection after recovery from an extended right hepatec- 
tomy. The other patient, with a noncirrhotic liver, devel- 
oped progressive hepatic failure after resection of segment 
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IV for reeurrent liver metastasis (having had a right 
hepatectomy) from a rectal carcinoma and simultaneous 
portacaval shunt for a thrombotic portal vein. After re- 
turning home, she gradually developed jaundice, reduced 
levels of coagulation factors, and encephalopathy. She died 
of terminal liver failure 4 months after operation. 


COMMENT 


These results suggest that liver resection for neoplasia 
can be performed with low operative morbidity and mor- 
tality. Improvement in the immediate results of liver 
resection might have resulted from our prospective study 
with frequent reassessment since 1979. 

Intraoperative death during liver resection is usually 
due to uncontrollable bleeding from hepatic veins and/or 
inferior vena cava injury.**'*** In the present series, none 
of the patients had brisk bleeding or hypotension resulting 
from prolonged bleeding. Postoperative mortality and mor- 
bidity of liver resection are mainly related to postoperative 
bleeding, bile leakage, and subphrenic abscess.” All three 
complications are interrelated,* with devitalization of re- 
maining liver parenchyma contributing.” In the present 
series, the mcidences of postoperative bleeding (3%), bile 
leak (1%), and subphrenic abscess (1%) were low. 

A number of operative details permitted these results. 
Exposure must be good. A long right subcostal incision 
crossing the linea.alba on the left and extending posteriorly 
around the tip of the tenth rib on the right provides superb 
exposure for any resection of the right or left part of the 
liver. 

An early careful approach to the major vessels is essen- 
tial to avoid intraoperative bleeding. In major liver resec- 
tion, division of the portal vascular structures to the part 
of liver to be resected should be performed before paren- 
chymal transection. In segmental and nonanatomic liver 
resections, the approach to the feeding vascular pedicles 
and draining veins must be done during resection in the 
depth of the liver parenchyma. A thorough knowledge of 
segmental liver anatomy” facilitates management of these 
vessels. Dissection and division of the major hepatic veins 
are the most dangerous steps during major hepatectomies, 
especially when the tumor is high in the liver.** Although 
division of the hepatic veins before liver seetion has been 
advocated,” this may result in their injury. In the present 
series, major hepatic veins were always divided as the last 
step in the liver resection. Routine total hepatic vascular 
exclusion has been reeommended in reseetion of large 
tumors.” It was required in only one of our patients and 
was not used in others even when tumors were large or 
adherent to the vena cava. When difficulties are predicted 
in relation to the size of the tumor, its situation, or adhesion 
to the vena cava, however, one must be prepared for this 
procedure. 

Transection of the liver parenchyma should be done 
along avascular anatomic planes. This is easy in right and 
left hepatectomies, where the hepatic transection plane 
follows the main seissure. In segmental resection, precise 
knowledge of the anatomy of the liver is required, and 
Couinaud’s* elassification is the most useful. This has been 
previously reported.” Intraoperative ultrasonography may 
help to delineate the anatomic segments and, in particular, 
the hepatic veins.*** It is also useful during nonanatomic 
resections to locate vessels in the vicinity of the transection 
planes. Besides pretecting against injury to major vessels, 
transection of the liver along anatomic planes avoids tissue 
devitalization, reducing complications and improving the 
postoperative course. 
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Careful stepwise hemostasis during liver transection is 
essential. Kelly fracture and clips have permitted liver 
transection to procede uneventfully and in the correct 
plane. The use of a Kelly clamp for gentle crushing of liver 
parenchyma, with carefully applied suction, enables isola- 
tion of the fine vascular and biliary pedicles. It is much 
more delicate than the finger fracture technique. Postop- 
erative hemorrhage can be avoided by careful hemostasis 
during resection. The use of resorbable clips has proved to 
be easier and faster than suture ligation. Their locking 
mechanism and shape make them very difficult to dislodge. 
Most importantly, the absorbable clip eliminates the arti- 
facts caused by metal clips on computed tomography,” 
thereby facilitating follow-up. The only patients with post- 
operative bleeding were the two in whom perioperative 
anticeagulation with a new type of subcutaneous heparin 
was used and another in whom a new type of clip was 
assessed. Reoperation was necessary in only one patient, 
to drain a subphrenic hematoma. It is clear that transfusion 
of paeked red blood cells, infusion of fresh-frozen plasma, 
and operative time were significantly reduced in patients 
in whom resorbable clips had been used compared with 
sutures. 

Temporary clamping of the hepatic pedicle by a vascular 
clamp (the Pringle maneuver) reduces bleeding and has 
been used in 38% of the patients in this series. Besides 
facilitating the surgical procedure, total blood loss is 
decreased and the need for infusion of human blood 
products and therefore the risk of posttransfusion viral 
infection (hepatitis and cytomegalovirus) is reduced. Tem- 
porary clamping is done for periods of 10 minutes separated 
by equal periods of release. As already shown,™ a total 
period of clamping up to 60 minutes is well tolerated by 
the patient and the liver, even in cirrhosis.: 

There was one bile leak. This occurred from improper 
closure of an injured left hepatic duct, confirming that the 
risk of bile leakage is higher when a procedure has been 
carried out on the main bile ducts. Bile leaks from the 
surface of transection are exceptional with careful clipping 
of all the small pedicles during resection. 

The low rate of bleeding, bile leakage, and subphrenic 
abscess has led us to reconsider the routine use of large 
abdominal drains generally advocated after liver resec- 
tion.'***7 This has already been challenged after surgery 
for hepatic trauma.* Initiated with success in cirrhotic 
patients® because of ascitic leaks, 21 patients had no 
abdominal drainage after liver resection, including major 
hepatectomies. There was a shorter postoperative hospital 
stay, better patient comfort, and no increased risk of 
postoperative complications when drains were not used. 

The use of prophylactic antibiotic therapy has also been 
suggested.* Our results suggest that prophylactic antibi- 
otic therapy is not mandatory in the prevention of either 
wound infections (2%) or postoperative intraperitoneal 
abscesses (1%) after liver resection, although most of these 
patients would meet the criteria for use in clean cases.‘ 
Antibietics were used in cirrhotic patients because of their 
altered host defenses. 

Improvement in the immediate results of liver resection 
should lead to a change in diagnostic and therapeutic 
strategy for primary and secondary liver tumors. As 
technical details of resection become increasingly refined, 
indications for resection of malignant or benign liver 
tumors should widen. 


This study was supported by funds from Paris-Sud University, Orsay, 
France, Foundation for Medical Investigation, Paris, France, and Claude 
Bernard Association, Paris, France. 
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Preoperative Screening for HIV Infection 


A Balanced View for the Practicing Surgeon 


Arthur M. Fournier, MD, Robert Zeppa, MD 


è Routine preoperative screening for human immunodeficien- 
cy virus (HIV) infection is becoming increasingly prevalent. Rea- 
sons in favor of routine screening include the following: (1) 
Knowledge of HIV status may allow the surgeon to decrease risk 
of infection. (2) The patient may benefit, because HIV infection 
may alter the risk-Denefit ratio of a procedure. (3) Knowledge of 
. HIV status will not affect how the patient is treated. Arguments 
against routine screening include the following: (1) Since the risk 
during individual procedures is low, it is unlikely that knowledge 
of HIV status can actually reduce risk. (2) Patient care may be 
negatively affected. (3) There is a possibility of false-positive 
results. (4) The accepted ethical standards of autonomy, confi- 
dentiality, and informed consent are not always adhered to. We 
explore these issues in detail. Recent work has framed the risk of 
surgeons and defined the reliability of diagnostic screening 
tests. All of these factors must be weighed before a surgeon can 
decide for or against a policy of routine preoperative screening. 

(Arch Surg. 1989:124:1038-1040) 


R emarkable biomedical progress has been made since the 
acquired immunodeficiency syndrome epidemic first 
surfaced in 1981. The responsible virus has been identified, 
and accurate tests have been developed to determine whether 
human immunodeficiency virus (HIV) infection is present. 
However, because the disease is uniformly fatal and a cure 
has not yet been discovered, fear of contagion has altered 
medical practice.’ This is particularly true for surgeons and 
other specialists who perform invasive procedures, in which 
the risk of exposure to contaminated blood is a real one. The 
combination of aecurate tests and concern about infection has 
led to the adoption of “routine” testing for HIV infection for 
all preoperative patients by many surgeons. Although this 
practice appears to have little risk and obvious benefits, there 
are negative aspects that may not be appreciated. In addition, 
the explosion of information concerning the use of tests for 
diagnosing HIV infection has left many practicing surgeons 
with questions, including how to apply these tests, interpret 
them correctly, explain the results to patients, and use them 
as a guide to management. 

In this article we will explore the use of preoperative 
screening tests for HIV infection. We will examine the rea- 
sons why “routine” sereening is being done. We will review 
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the ethical considerations that should be applied if a policy of 
routine screening is instituted. We will explore the perfor- 
mance characteristics of currently available tests and how the 
clinical setting in which these tests are performed may affect 
diagnostic accuracy. Attention will be paid to the issues sur- 
rounding “routine” screening in low-risk populations. 


THE RATIONALE FOR SCREENING 


There are three approaches to screening for HIV infection: 
mandatory, routine, and voluntary. 

Mandatory screening is screening required by law. The 
only mandatory screening required of surgeons is for organ, 
semen, and blood donation.” Under these circumstances, ano- 
nymity of the donor is maintained. There is no major risk in 
identifying positive results, since the only negative conse- 
quence of a positive result is that the specimen will not be 
donated. Therefore, mandatory testing of blood, organs, and 
semen has been recommended by the Centers for Disease 
Control, Atlanta, Ga. Many states have adopted this recom- 
mendation as law, and many hospitals have instituted it as 
policy." 

Routine testing is defined as a policy instituted by an 
individual practitioner or a group of practitioners in which all 
patients undergoing an invasive procedure are tested as part 
of the preoperative evaluation. With routine testing the deci- 
sion to test is made by the provider. This is in contrast to 
voluntary testing, which is initiated by the patient. Reasons 
put forward to justify routine screening’ include the follow- 
ing: (1) Providers should be protected. Perhaps knowing 
whether a patient is infected will make surgeons and their 
assistants more careful in how they perform their operations. 
(2) The results may influence the choice of procedure for the 
patient’s best interest. For instance, an elective surgical 
procedure might not be performed for patients with HIV 
infection if it is not anticipated that the patient will live long 
enough to benefit from the procedure. (3) The patient’s best 
interest will be looked after by the surgeon regardless of the 
results. 

Arguments against required screening include the follow- 
ing: (1) There are no data to support the idea that knowledge 
of a patient’s HIV status promotes carefulness and therefore 
lowers the incidence of exposure to blood or other body secre- 
tions by practicing surgeons. (2) At least in some instances, 
perhaps unconsciously, patient care is being influenced by the 
results, and not always to the patient’s benefit. (3) False- 
positive results may increase when even highly accurate tests 
are applied to low-risk populations. (4) Accepted ethical stan- 
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dards concerning patient autonomy, confidentiality, in- 
formed consent, and the patient’s right to know are not al- 
ways adhered to. 

The reasons for and against “routine” screening ave ex- 
plored further in the next three sections. 


ETHICAL CONSIDERATIONS 


The Presidential Commission on the Human Immunodefi- 
ciency Virus Epidemic, the American Medical Association,’ 
and the American College of Physicians" have all recom- 
mended a policy of encouraging voluntary screening in pa- 
tients who practice high-risk behavior, coupled with counsel- 
ing and patient education. Testing is a means toward the 
ethical end of promoting behavior change to stem the spread 
of HIV infection while preserving the rights of privaey and 
confidentiality of individual patients. The presidential com- 
mission is explicit with regard to who should be encoureged to 
seek testing and counseling regardless of the presence or 
absence of symptoms. These patients include the following: 
(1) recipients of blood, blood products, donated semen, or 
organs since 1977; (2) intravenous drug users; (3) men who 
have engaged in sexual activities with other men; (4) persons 
who have engaged in sexual activities with more than one 
partner since 1977; and (5) any person who believes one of his 
or her current or past sexual partners fits any of the above 
categories. Recommendations 4 and 5 were included in recog- 
nition of evidence of heterosexual transmission. They sug- 
gest, however, that a substantial percentage of the popula- 
tion (some might even claim a majority) ought to be screened. 

None of these policies bases their recommendations on the 
right of providers to know the status of a patient's HIV 
antibody testing as a means of protecting themselves from 
infection. There is one major reason for this: concern that 
testing to protect the provider will lead to the denial of care. 

In contrast, others call attention to the need to recognize 
the risks taken by providers.’ We will explore the question 
of risk in the next section. 

Surgeons may choose to adopt the practice of routine 
screening with the belief that knowledge of a patienz’s HIV 
status will provide them with an opportunity to diminish their 
own risk. There are no data to prove or disprove this belief. In 
fact, we doubt that a study comparing seroconversions among 
surgeons with knowledge of HIV status vs those without this 
knowledge will ever be carried out. We are forced to estimate 
risk by using statistical extrapolations such as the one de- 
scribed in the next section. If such a policy is adopted, howev- 
er, the principles of patient autonomy, informed consent, and 
confidentiality, which are the foundation of modern medical 
ethics, must be followed. Testing for HIV antibody without 
informing the patient it is being done or without sharing the 
results with the patient is unethical. The Centers for Disease 
Control have provided guidelines for ethical testing.” Sur- 
geons who routinely screen are morally obligated tc inform 
the patient that the test is being done and that the test is being 
initiated for the benefit of the surgeon and not the patient. 
The patient must consent without the implied or explicit 
threat of the procedure’s being withheld. Dissemination of 
the test results must be discussed with the patient at the time 
informed consent is given. Testing also implies an obligation 
to provide knowledgeable counseling about the meaning of a 
positive result. 


THE QUESTION OF RISK 


Most of the impetus for routine screening comes from the 
fear of contagion. Hagen and colleagues” have used decision 
analysis methods to calculate the occupational risk of sur- 
geons. The risk of HIV infection after percutaneous exposure 
has been estimated at 0.5% to 0.9% based on the frequency of 
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seroconversion among health care providers followed up by 
the Centers for Disease Control. The frequency of exposure 
per operation has been estimated from glove puncture data 
and is estimated to occur once in every 40 cases. These two 
statistics have been combined to calculate a risk for HIV 
infection when operating on HIV-infected patients that ap- 
pears to fall between 1 in 180 000 and 1 in 4500. If these figures 
are multiplied by the prevalence rates for HIV infection in the 
general population, the risk per operation can be estimated at 
approximately 1 in 1.3 billion. The highest reported preva- 
lence in an unselected population is among inner-city minority 
populations in New York City, where the prevalence ap- 
proaches 2 in 100. Surgeons operating exclusively on this 
population of patients would face a risk per patient of 1 in 
225 000. 

For most surgeons, the risk of acquiring HIV infection is 
actually quite low. This is not to downplay the need for 
precautions. However, given this low risk, we doubt that 
knowledge of a patient’s HIV status really offers any signifi- 
cant chance at decreasing the risk of infection. The alterna- 
tive, of course, is to assume the possibility of HIV infection in 
every patient and to practice a policy of “universal precau- 
tions.” A recent study of emergency department patients in 
an inner-city hospital supports the argument for universal 
precautions.” The authors note that 4% of the patients in this 
setting carried unsuspected HIV infection, with an incidence 
of 20% among young men admitted for penetrating trauma. 
Due to the emergent nature of these cases, routine screening 
is not practical. The details of universal precautions have been 
published by the Centers for Disease Control’ and will not 
be dealt with in this article. 

We can take some comfort in the fact that the occupational 
risk for HIV infection for most surgeons is small. To what 
extent, however, is assumption of this risk a professional 
responsibility? Some professional societies have accepted this 
responsibility as an absolute. The American College of Physi- 
cians has adopted the following position: “Denial of care is 
unethical. Physicians may treat HIV infected patients with- 
out regard to personal risk, real or perceived.” 

Emanuel,” in a recent review of the ethical concerns in 
caring for patients with HIV infection, reminds us that there 
are two ethically acceptable limits to this professional respon- 
sibility. A few physicians practice invasive procedures on 
populations in which the incidence of HIV infection approach- 
es or surpasses 20%. The cumulative risk of HIV infection for 
these physicians is more than a statistical chance. Emanuel 
believes that excessive risk limits but does not remove the 
obligation to care for patients and that it is the responsibility 
of society and the profession to require enough physicians to 
care for HIV-infected patients so that the number treated by 
any one physician is reduced. 

The other ethically acceptable limit to the obligation to 
treat patients with HIV infection is the anticipated benefit to 
the patient. A shortened life expectancy may shift the balance 
between medical vs surgical therapy. If the benefits are the 
same or greater with medical therapy, the surgeon need not 
assume the risk of an invasive procedure. This lim:tation of 
responsibility is most appropriately applied to patients with 
symptomatic HIV infection, since the natural history of 
asymptomatic HIV infection is not known and the effect of 
HIV infection per se, in the absence of immunodeficiency, on 
surgical risk is also unknown. 


PERFORMANCE CHARACTERISTICS OF 
CURRENTLY AVAILABLE TESTS 


There are two currently available tests for HIV antibody.” 
The enzyme-linked immunosorbent assay (ELISA) has the 
advantage of being relatively inexpensive and easy to per- 
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form. The ELISA reaets to the presence of antibodies in the 
patient’s blood by showing a more intense color as larger 
quantities of antibedies are present. A positive reaction is 
recorded when the intensity exceeds a cutoff value that is 
intentionally set low to increase the sensitivity of the test. At 
the same time, such a low threshold increases the false- 
positive rate. When applied as a screening test, therefore, a 
single ELISA has many more false positives than true posi- 
tives and a low predictive value. Current recommended prac- 
tice is that the ELISA be used as the initial screening test. If 
the result is positive, further ELISA tests are performed on 
the same specimen. Licensed commercial kits contain seven 
ELISA assays. If these repeated tests are positive, the pa- 
tient is labeled as repeatedly active. When this method is used 
alone, the sensitivity is 99% and the specificity 99.5%. 

The Western blot assay is more expensive and time-con- 
suming sinee it requires the performance of an electrophore- 
sis. The specificity of this test is even greater than that of the 
ELISA. When strict quality controls are adhered to, the 
sensitivity of Western blot assay is 99% and the specificity 
99.8%. Current recommendations from the Centers for Dis- 
ease Control therefore are to screen for HIV antibody by 
utilization of ELISA testing and to follow up repeatedly 
positive results with Western blot testing, since the predic- 
tive value of ELISA by itself in low-prevalence populations is 
unacceptable. ` 

The actual prevalence of HIV infection is just beginning to 
be defined. Among teenagers and young adults entering the 
armed services, prevalence ranges from no antibody detected 
in seven states (Alaska, Maine, Montana, North Dakota, 
Rhode Island, Vermont, and Wyoming) to as high as 20 per 
1000 among high-risk populations in New York City.” 

The performance characteristics of a diagnostic test fall 
short when strict quality assurance procedures are not ad- 
hered to.” This is particularly true when unlicensed tests are 


used. Many laboratories continue to use unlicensed tests 
because the costs are less and less-stringent criteria for per- 
formance need to be adhered to. Ten of 19 laboratories apply- 
ing for Department of Defense contracts failed to meet the 
required proficiency panel. When strict criteria are not ad- 
hered to, the false-positive rate for the Western blot assay 
may be as high as 4.7%, with a false-negative rate of 9.3%. 
Such poor performance characteristics would mean that if 
these tests were applied to even high-risk populations (inci- 
dence rate, 2 in 1000), there would be 72 false positives for 
every 100 000 patients tested. If these unlicensed and uncon- 
trolled tests were applied to lower-risk populations, 90% of 
the positive test results would be false positives. Therefore, if 
routine screening in low-risk populations is to be practiced, 
strict quality control assured by licensing must be insisted on. 
A recent study has confirmed the low rate of false positives 
that ean be achieved when strict quality control standards are 
adhered to.” 


CONCLUSION 


The drive of self-protection is so basic that it is easy to 
understand why so many surgeons have adopted a policy of 
routine preoperative screening for HIV infection. We can 
neither prove nor disprove the value of screening in reducing 
risk. The negative aspects of routine screening we have re- 
viewed in this article are real, although perhaps more difficult 
to perceive than the risk of infection. If a policy of routine 
screening is decided on, it can be ethically applied by adhering 
to the principles of autonomy, confidentiality, and informed 
consent. The problem of false positives can be virtually elimi- 
nated by adherence to strict quality control measures. 
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Selective vs Routine Use of 
Intraoperative Cholangiography 


An Argument 
Michael D. Pasquale, MD, Russell J. Nauta, MD 


è We reviewed the course of 314 patients who underwent 
cholecystectomy at a University Hospital in 1985. Two hundred 
eighty-five patients underwent cholecystectomy for cholelithia- 
sis. Preoperatively elevated liver function test results, history of 
jaundice or pancreatitis, or operative findings of palpable com- 
mon bile duct stone or dilated extrahepatic ducts were criteria for 
indicated cholangiography. Of 142 patients who had cholangio- 
graphy with negative results, only 31 were indicated by these 
criteria. In 93 patients not having cholangiography performed, 
the criteria were met in only 8 patients. Of 38 patients who 
underwent common bile duct exploration, only 29 had stones. As 
operative time, morbidity, and cost were demonstrably increased 
in patients undergoing cholangiography, a selective approach is 
advocated. The number of unnecessary common bile duct explo- 
rations might be cut by almost half, while the incidence of finding 
clinically unsuspected yet significant common bile duct stones 
is negligible. 

(Arch Surg. 1989;124:1041-1042) 


O riginally introduced by Mirizzi in 1937' to refine the 
indications for common bile duct (CBD) exploration, the 
escalating use of the intraoperative cholangiogram in all cho- 
lecystectomies is controversial. Proponents of routine cpera- 
tive cholangiography cite its safety, accuracy, and economy in 
the diagnosis of CBD stones and anomalies.** Those advocat- 
ing selective cholangiography suggest that it be used only 
when a reasonable chance of discovering a stone is suspected 
by preoperative and intraoperative evaluation.** Such crite- 
ria include a history of pancreatitis or jaundice, elevation of 
liver enzyme levels, palpable CBD stones, and the presence of 
a dilated cystic or CBD.*” 


PATIENTS AND METHODS 


To evaluate the advantages and complications of intraoperative 
cholangiography, we reviewed preoperative laboratory data and in- 
traoperative findings in 314 patients undergoing cholecystectomy at 
our institution in 1985. Of these patients, 285 underwent surgery for 
cholelithiasis and 29 underwent cholecystectomy for other reasons. 
These 29 were excluded frem the study. Of the 285, 180 had intraoper- 
ative cholangiography performed and 38 went on to have CBD explo- 
ration. In 11 patients, attempts to obtain a cholangiogram failed and 
in 1 patient a CBD exploration was performed based on preoperative 
endoscopic retrograde chelangiopancreatogram findings. These pa- 
tients were also excluded from the study. Neither cholangiography 
nor CBD exploration was performed in 93 patients (Figure). 

Cholangiograms were considered abnormal if one of the following 
criteria was met: (1) the diameter of the CBD was greater than 1.2 
cm, (2) there was a filling defect in the CBD, (3) there was inadequate 
visualization of the lower end of the CBD, or (4) no contrast material 
entered the duodenum. Pancreatitis, elevated liver functicn test 
results (SGOT, SGPT, and alkaline phosphatase), and jaundice were 
chosen as preoperative criteria, and palpable CBD stone and dilated 
ducts were chosen as operative factors used as selection criter.a. The 
patients were then reevaluated and a determination was made as to 
whether intraoperative cholangiography would have been performed 
had we been performing cholangiography on this selective basis. The 
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groups were then compared with regard to average operative time 
and complication rate. Also, the 38 patients undergoing CBDexplora- 
tion were studied with special attention paid to the number of explo- 
rations yielding positive and negative results. 


RESULTS 


Of the 285 patients reviewed, 180 underwent intraopera- 
tive cholangiography, and only 70 (89%) would have been 
indicated using our preoperative and intraoperative criteria. 
In the 142 patients who underwent cholangiegraphy without 
subsequent CBD exploration, in only 31 patients (21.8%) 
would the cholangiogram have been indicated. In the 93 pa- 
tients who did not undergo intraoperative cholangiography or 
CBD exploration, there were indications to support cholangi- 
ography in 8, or 8.6%. Of the 38 patients who underwent CBD 
exploration based on their intraoperative cholangiogram, 29 
had stones and 9 had negative explorations. In 4 of the 9 
patients without stones on CBD exploration, acholangiogram 
would not have been indicated by our criteria. Of the 29 
explorations recovering CBD stones, in 1 patient no criteria 
for intraoperative cholangiography would have been met and 
this stone would have been missed by a selective approach to 
operative cholangiography. Thus, the false-positive rate in 
this study was 6.3%, and the incidence of missing an unsus- 
pected stone had selective cholangiography been performed 
would have been 0.91%. 

The average operative time for the patients undergoing 
intraoperative cholangiography without subsequent explora- 
tion was 125 minutes, with an average hospital confinement of 
6.9 days. In patients not undergoing intraoperative cholangi- 
ography or CBD exploration, the average operative time was 
101 minutes and the average length of hospitalization was 6.6 
days. Patients having both cholangiography-and subsequent 
exploration had an average operative time of 175 minutes:and 
an average hospital stay of 9.4 days. 

In terms of the complication rate, it was neted that 4.2% of 
the patients undergoing cholangiography without CBD ex- 
ploration had complications Ge, wound infection in four pa- 
tients and a torn cystic duct in two patients). Of patients not 
having cholangiograms done and not undergoing CBD explo- 


Total Cases* 
285 


With Cholangiogram Without Crolangiogram 
Without CBD Exploration Without CBD Exploraticn 
142 93 


With Cholangiogram 
With CBD Exploration 
38 


Patients undergoing cholangiography or common bile duct (CBD) 
exploration. Asterisk indicates 11 patients in whom cholangiography 
failed and one CBD exploration based on preoperative endoscopic 
retrograde cholangiopancreatogram findings. 
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ration, 2.2% experienced complications (one case of ascending 
cholangitis and one partial wound dehiscence). In the group 
undergoing cholangiography and subsequent CBD explora- 
tion, there was a 28.9% complication rate with four wound 
infections, three patients with postoperative pancreatitis, 
and four patients with retained stones. 


COMMENT 


Surgeons who advocate routine intraoperative cholangiog- 
raphy argue that its use will prevent both retained common 
duct stones and iatrogenic injury to the biliary duct. The 
argument has also been advanced that the procedure is safe 
with negligible risk, and is neither expensive nor time-con- 
suming.” In our review, we noted that although the average 
length of hospitalization was not significantly altered by the 
performance of intraoperative cholangiography, the average 
operative time was increased by 24 minutes. This correlates 
with other studies that have shown an approximate increase 
in operating time from 15 minutes to 23 minutes.*’ This along 
with supply costs and roentgenographic charges make the 
average cost of an intraoperative cholangiogram approxi- 
mately $200 to $400.” 

We also noted that the complication rate was almost twice 
as great in patients undergoing intraoperative cholangiogra- 
phy (4.2% vs 2.2%), and that the only patients who sustained 
injury to the biliary ducts were those undergoing intraopera- 
tive cholangiography. Although some have argued that rou- 
tine use of intraoperative cholangiography provides a “road 
map” of the ductal system and thus prevents injury during 
cholecystectomy, this belief is not substantiated in the com- 
mon practices of proceeding with cholecystectomy while wait- 
ing for the roentgenograms to be developed and returned to 
the operating room, or by performing the cholangiogram 
after dissection is complete." 

Whether the cholangiogram identifies clinically significant 
yet unsuspected stones remains controversial. In our pa- 
tients, using preoperative and operative criteria of a history 
of jaundice or panereatitis, elevation of liver enzyme levels, 
palpable common duct stone, or dilation of cystic duct or CBD 
as indications for intraoperative cholangiography, in only 
24.6% of cases would this study have been indicated. This is in 
contrast to the 63.2% of cholangiograms that were actually 
obtained. In the 38 patients undergoing CBD exploration, 
only 1 patient who was found to have stones in the bile duct did 
not meet criteria for Intraoperative cholangiography and of 
the 9 patients found not to have stones, cholangiography 
would not have been indicated in 4 patients. 

Asymptomatic stones have been discovered in 4% of rou- 
tine postmortem examinations, and spontaneous passage of 
stones has been found to occur in 85% of patients after an 
attack of acute pancreatitis. *™ Also, known common duct 
stones may not pass and yet remain clinically insignificant. ° 

Depending on which type of study is reviewed, the inci- 
dence of finding unsuspected common duct stones varies from 
0.2% to 0.8% to 5% to 6%.* That is, if a selective approach is 
taken and those patients are followed up for symptoms of 
retained common duct stones, only 0.2% to 0.3% of patients 
will return.*** On the other hand, if patients are routinely 
screened with operative cholangiography and these patients 
are reviewed to determine which would not have met criteria 
for selective cholangiography, then 5% to 6% of patients will 
be found to have clinically unsuspected stones.**° We suggest 
that the difference must be accounted for by clinically insig- 
nificant common duct stones. We also noted that although our 
study was of the latter type, the incidence of missing an 
unsuspected common duct stone would have been only 0.9%. 

Finally, nondetection of CBD stones by cholangiography 
(ie, false-negative results) has been reported and indicates 
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that the procedure is not infallible.**” In our study, based on 
18 months of follow-up, there have been 0 false-negative, 9 
false-positive, 29 true-positive, and 142 true-negative 
results. 


CONCLUSION 


In conclusion, it appears that if preoperative and operative 
criteria are utilized, and that if the classic rules for safe 
cholecystectomy are observed, cholecystectomy with selec- 
tive use of the intraoperative cholangiogram is both safe and 
inexpensive. Our study suggests that the number of unneces- 
sary CBD explorations can potentially be cut by almost half 
while the incidence of finding clinically unsuspected yet sig- 
nificant common duct stones is negligible. 
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Invited Commentary 


This article addresses the continuing controversy about intraoper- 
ative cholangiography, whether it should be used routinely or selec- 
tively. The authors have looked at the effectiveness, safety, and cost 
of intraoperative cholangiography in a retrospective review. They 
have focused principally on the issue of bile duct stones that might be 
missed, while only briefly mentioning the value of operative cholangi- 
ography in identifying unsuspected bile duct anomalies, inflamma- 
tory changes (sclerosing cholangitis), or bile duct tumors. 

In my own experience during the past 30 years as a surgeon with a 
major interest in biliary disease, I have used intraoperative cholangi- 
ography routinely and have found it very valuable. I can remember a 
number of cholangiograms that have kept me out of trouble during 
the past years. In my experience, 8% of intraoperative cholangio- 
grams have shown unsuspected pathologic information important to 
thesurgeon. This has been the experience of many of my colleagues as 
well. I suspect this issue of routine vs selective intraoperative cholan- 
giography will never be settled until a prospective randomized study 
is performed. I would urge the authors to consider such a study. 


ROBERT E. HERMANN, MD 
Cleveland, Ohio 


Intraoperative Cholangiography — Pasquale & Nauta 


Evaluation of Right Hemicolectomy 


for Unexpected Cecal Mass 


Jay A. Riseman, MD, Keith Wichterman, MD 


è lleocecal mass is occasionally encountered unexpectedly 
by surgeons operating for presumed appendicitis. A five-year 
retrospective study was performed to review the management 
of this problem. Thirteen patients were identified who had had 
right hemicolectomy performed for unexpected mass in which 
neoplasm, diverticular disease, or inflammatory bowel dis- 
ease could not be differentiated from severe appendicitis at 
laparotomy. Seven patients (group 1) had a final pathologic 
diagnosis of appendiceal phlegmon. The other patients (group 
2) had Crohn's disease, typhlitis, or neoplasm. Right hemico- 
lectomy was performed with a morbidity of 7% and mortality 
of 7% in all patients. This procedure is acceptable for unex- 
pected cecal mass. 

(Arch Surg 1989;124:1043-1044) 


urgeons occasionally encounter an unexpected ileocecal 
mass when operating for presumed appendicitis. This 
finding leads to a therapeutic dilemma for the surgeon 
since the indication for right colectomy is not obvious in 
patients with presumed benign disease. 

The differential diagnosis of an unsuspected i-eocecal 
mass must include neoplasm, diverticular disease, inflam- 
matory bowel disease, and severe appendicitis involving 
the ileocecal region. In some instances, the diagnosis is 
obvious at laparotomy, but occasionally the situation is 
complicated by the fact that one must wait for the final 
pathology report before a full understanding of the situa- 
tion is possible. To study this problem, a retrospective 
review is undertaken in this study. 


MATERIALS AND METHODS 


A five-year retrospective review of the Southern Illinois Uni- 
versity—affiliated hospitals, Memorial Medical Center and St John’s 
Hospital, Springfield, was undertaken to evaluate the experience 
for management of the unexpected ileocecal mass found during 
operation for probable appendicitis. Charts were reviewed if the 
patient fulfilled the criteria of both having had an unexpected 
cecal mass when operated on for presumed appendicitis and having 
undergone right hemicolectomy. 
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RESULTS 


Thirteen patients fit the criteria of a total of 1445 
appendectomies in the five-year period (incidence, 0.9%). 
Patients were divided into two groups as illustrated in the 
Table. Seven patients (group 1) had an appendiceal phleg- 
mon and therefore underwent right colectomy for appen- 
dicitis. The other six patients (group 2) eventually were 
found to have either inflammatory bowel disease or tumor. 

Both groups were older than the expected 15- to 25-year- 
old age group usually found with appendicitis. Group 1 had 
an average age of 58 years and had an equal sex distribu- 
tion. Group 2 had an average age of 47 years, containing 
four women and two men. Both groups required an average 
of 14 days in the hospital, and operation was delayed three 
days in both groups. Similar clinical presentations were 
seen in both groups. All patients demonstrated right lower 
quadrant pain and tenderness before operation. Both 
groups demonstrated leukocytosis and low-grade fever. 
Leukocytosis was somewhat more likely in group 1 (average 
white blood cell count, 15.2 x 10°/L, with 0.20 band forms) 
than group 2 (10.8 x 10°/L, with 0.15 band forms). Patho- 
logic findings included Crohn’s disease (two), typhlitis 
(two), cecal cancer (one), and carcinoid of the appendix 
(one). 

In group 1, five (71%) of seven patients underwent 
operation with a correct preoperative diagnosis of appen- 
dicitis, and one patient underwent operation for presumed 


Demographic Data 


Group 2, 
Tumor or 
inflammatory 
Bowel Disease 
(n=6) 


Group 1, 
Perforated 
Appendix 


(n=7) Overall 


Average age, y 58 47 53 
Sex, F/M 3/4 4/2 7/6 


Average hospital 
stay, d 14.7 16 14.4 


Average No. of 
days to operating 
room 4.4 3.5 
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cecal carcinoma demonstrated by barium enema, but the 
disease proved to be an appendiceal mass. In group 2, the 
correct diagnosis was made in only one patient, although 
appendicitis was presumed before exploration in most 
patients. 

Mortality in the entire group was limited to one patient 
(group 2), who died secondary to steroid-dependent chronic 
obstructive pulmonary disease 45 days after her operation. 
The only other cemplication was in one patient (group 1) 
who developed hepatic dysfunction because of an antibiotic 
drug reaction prolenging her hospital stay. She eventually 
recovered with normal liver function. 


COMMENT 


The finding of an unexpected ileocecal mass at laparot- 
omy is of some concern because the patient and surgeon 
typically are not prepared for a right hemicolectomy. The 
surgeon must decide whether a more extensive operation 
is warranted. There are several causes of mass lesions 
found in the ileoceeal region. Frequently it is not possible 
to determine the exact diagnosis at operation due to the 
involved inflammation and also due to one’s reluctance to 
enter an encased tumor. Most masses prove to be carci- 
noma, inflammatory bowel disease, or inflammation sec- 
ondary to diverticulitis or appendicitis. 

Adenocarcinoma of the cecum and appendiceal carcinoid 
are the most common malignant tumors encountered in 
this region, and when they are present, a right hemicolec- 
tomy is necessary.’ Primary adenocarcinoma of the appen- 
dix is rare but has been reported and generally is treated 
by right hemicolectomy.2:* Acute divertieular disease of the 
right colon is a much more uncommon entity. Only 400 
cases have been reported in the literature through 1983.4 
Fisher and Farkas* found that masses due to diverticular 
disease are frequently diagnosed preoperatively as neo- 
plasm or appendicitis in 65% of cases, and they recommend 


resection when carcinoma cannot be excluded. Wagner and 
Zollinger’ reported that right colonic diverticula are found 
in only 6% of patients. The usual age range is 35 to 45 
years, and a correct preoperative diagnosis is made in only 
approximately 5% of patients. Almost all diverticula were 
found to be true diverticula, located 2 em above or 1 cm 
below the ileocecal valve. This condition is quite uncommon, 
and in 85% of cases reported in that series, appendiceal 
disease or cancer was the preoperative diagnosis. Many 
diverse operative procedures were reported, but right 
colectomy was most commonly performed. No diverticular 
disease was seen in the present series, however. 

During this same study period, 42 patients underwent 
right colectomy for preoperatively diagnosed Crohn's dis- 
ease. Such a broad spectrum of clinical patterns was 
presented that correct management remained controver- 
sial. A national study found that the probability of opera- 
tion was 78% 20 years after diagnosis and 90% 30 years 
after establishment of a diagnosis of Crohn’s disease.’ 
Ileocolic disease had the shortest period from onset to 
operation. 

Appendiceal phlegmon has been treated with a variety 
of operative procedures, resulting in similar success. Ko- 
valicik et al: described good results with right colectomy 
in a patient group similar to those in this study. Foran 
et alt treated groups operatively or nonoperatively, with 
similarly low morbidity. They reported that 15 of 30 patients 
not operated on required appendectomy within one year of 
diagnosis, thus requiring a longer initial hospitalization as 
well as rehospitalization. Right hemicolectomy was shown 
to be reasonably safe in both groups with emergency 
surgery and in unprepared bowel. In the above series, it 
was frequently not possible to determine whether the 
patient had perforated appendicitis, inflammatory bowel 
disease, or tumor. However, in both groups, right colectomy 
was tolerated with similar morbidity and allowed resolution 
of the immediate problem of an undiagnosed mass. 
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Thyroid Cancer With Coexistent 


Hashimoto’s Thyroiditis 


Clinical Assessment and Management 


Burton L. Eisenberg, MD, Samuel D. Hensley, MD 


è Hashimoto's thyroiditis is a common thyroid disorder. 
Because of the difficulty of diagnosing a coexisting thyroid 
cancer, its management remains controversial. We reviewed 
120 cases of thyroid cancer seen in our institution during an 
11-year period (1976 through 1986) and defined the clinical 
characteristics of patients with both entities. Thirteen patients 
had concomitant cancer and Hashimoto's thyroiditis. Six of 
the 13 patients had a history of thyroiditis before the diagnosis 
of thyroid cancer. The remaining seven patients had evidence 
of Hashimoto's thyroiditis on histologic review of the thyroid 
specimen. The two most common characteristics prompting 
surgical intervention were the presence of a nonsuppressing 
dominant nodule and a cold area on thyroid scan. Twelve 
patients underwent preoperative fine-needle aspiration cyto- 
logic examination, but only in three were the results consid- 
ered to be indicative of cancer. All 13 patients remained 
disease free. Despite the apparent indolence of thyroid cancer 
associated with Hashimoto’s thyroiditis, selective surgical 
treatment of patients with clinical thyroiditis is indicated. 

(Arch Surg 1989;124:1045-1047) 


he relationship between Hashimoto’s thyroiditis and 

carcinoma of the thyroid gland remains controversial.'” 
It has been suggested that chrenic lymphocytic thyroiditis 
predisposes the gland to the development of a malignant 
neoplasm.* Although the association with lymphoma of the 
thyroid gland seems to be substantiated, the reported 
prevalence of Hashimoto’s thyroiditis in patients with 
thyroid carcinoma is not well documented.‘ Hashimoto’s 
thyroiditis is the mest common category of thyroid disease 
in the United States* and is generally successfully managed 
nonoperatively. It is therefore important to identify those 
patients with a history, physical examination results, and 
laboratory tests compatible with Hashimoto’s thyroiditis 
who have concomitant thyroid malignant neoplasms. A 
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review of the patients with thyroid cancers at our institu- 
tion from 1976 through 1986 was performed to examine the 
characteristics of those patients with a thyroid neoplasm 
in an otherwise benign disease background. 


MATERIALS AND METHODS 


A retrospective chart review was performed on charts of all 
patients with thyroid cancers treated at Walford Hall Medical 
Center, San Antonio, Tex, from Jan 1, 1976, through Dec 31, 1986. 
Of 120 patients, 13 (11%) had concomitant thyroid caneer and 
Hashimoto’s thyroiditis. The histologic findings of all 120 cases 
were reviewed by one of us (S.D.H.) to document the coexistence 
of chronic lymphocytic thyroiditis and carcinoma of the thyroid 
gland (Figure). 

The following histopathologic features were required to confirm 
the diagnosis of Hashimoto’s thyroiditis: diffuse chronic inflam- 
matory infiltrate composed of lymphocytes, plasma cells and 
germinal center formation, Hiirthle cell changes, acinar atrophy, 
and fibrosis. Depending on the severity and chronicity of the 
process, these changes were present to a variable extent in all of 
our cases. Additionally, a clear distinction was made in the 
histologic review between the focal changes of nonspecific thyroi- 
ditis surrounding a thyroid cancer and the specific wide-field 
changes involved in Hashimoto’s thyroiditis. 


RESULTS 


Of the 13 cases of thyroid cancer, 12 were identified 
histologically as papillary carcinoma and one as a follicular 
carcinoma. Of these 12 cancers, one was virtually purely 
papillary, eight were mixtures of papillary formations and 
neoplastic follicles, and three were pure follicular variants 
of papillary carcinoma. The one follicular carcinoma was 
composed of follicles of variable size without areas of 
papillary architecture, with the diagnosis of malignant 
neoplasm substantiated by the presence of both capsular 
and vascular invasion. Twelve of the 13 patients underwent 
fine-needle aspiration of their nodules; three nodules were 
diagnosed as thyroid cancers (one follicular neoplasm and 
two papillary carcinomas) preoperatively, seven were 
termed diagnostically inconclusive, and two aspirates were 
thought to be inadequate to provide a diagnosis. 

The average age of the patients was 39.9 years. There 
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Low-power view of portion of papillary carcinoma in upper left 
corner. Remainder of field contains massive lymphoid infiltration 
with germinal centers and smal! thyroid follicles compatible with 
diagnosis of Hashimoto’s thyroiditis (hematoxylin-eosin, original 
magnification x 30). 


were 12 female patients and one male patient. All patients 
were euthyroid according to results of thyroid function 
tests at the time ef diagnosis. None of the patients had a 
history of low-dose radiation exposure. A single patient in 
the group initially had cervical lymph node metastases. No 
other metastases were identified. Nine of the patients were 
treated with total thyroidectomy, and four were treated 
with lobectomy only. All patients received postoperative 
thyroid replacement therapy. Multifocality, defined as ei- 
ther tumor in both lobes or separate foci within the same 
lobe, was present in six of the 13 cases. None of the 13 
patients had developed recurrent or metastatic disease 
after a median follow-up period of 74 months. 


COMMENT 


The contribution of Hashimoto’s thyroiditis to the pro- 
motion of thyroid adenocarcinoma remains debatable, the 
incidence ranging from approximately 0.5% to 22%.’ The 
recommended treatment of patients with Hashimoto's 
thyroiditis based en the association with thyroid cancer 
varies from observation to early surgical treatment.®* Our 
study, which found a coexistence of 11%, consisted of a 
retrospective review of patients with thyroid cancers, 
unlike other studies, which have reported the coexisting 
incidence in a retrospective review of patients with Hashi- 
moto’s thyroiditis. Although the incidence of thyroid can- 
cers at our institution increased slightly in the past decade, 
the incidence of histologically confirmed Hashimoto’s thy- 
roiditis, either by needle aspirate or surgical removal, has 
been on the decline. The majority of patients with sus- 
pected thyroiditis are given thyroid suppression therapy 
and followed up with routine examinations. Antithyroid 
antibodies can be useful to confirm the diagnosis of Hashi- 
moto’s thyroiditis but will not detect the concomitant 
presence of thyroid carcinoma. If there is clinical suspicion 
of cancer in a patient with Hashimoto’s thyroiditis because 
of the development of a palpable solitary nonsuppressing 
nodule, or a nonsuppressing nodule that is demonstrated 
to be cold on scintiscan, then histologic confirmation is 
always necessary. We prefer initially to obtain a fine-needle 
aspirate of the nodule. If the aspirate confirms cancer or 
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is diagnostically inconclusive, the patient then requires 
operative intervention. 

In cur series, six of the 13 patients had an initial diagnosis 
of Hashimoto’s thyroiditis made on clinical grounds before 
the d:agnosis of thyroid cancer. One patient had a history 
of clinical thyroiditis 15 years before the discovery of 
thyro d cancer. For the most part, the diagnosis of Hashi- 
moto’s thyroiditis was suspected in these patients after 
demonstration of a diffuse goiter, although one patient also 
had an increase in the level of antimicrosomal thyroid 
antibedy. All of the patients with suspected thyroiditis 
underwent a course of thyroid suppressive therapy during 
their management. In the remaining seven patients, the 
diagnesis of Hashimoto’s thyroiditis was based solely on 
retrospective histologic analysis of the thyroid specimen. 
The prevailing indication for surgical management in both 
groups was the presence of a nonsuppressing dominant 
thyroïd nodule, found in 12 of 13 patients (93%). Nine (75%) 
of the 12 nodules were cold on thyroid scan. In one patient 
the indication was the presence of cervical lymph node 
enlargement, which subsequently proved to be metastatic 
papillary thyroid cancer. Of the 13 patients, seven (55%) 
had di*fuse gland enlargement. 

It is important to note from our review that the patients 
with ceexisting thyroid cancer and Hashimoto’s thyroiditis 
are presently alive and disease free, and all had well- 
differentiated carcinoma, mainly papillary or papillary 
variants. This is in agreement with other reports in the 
literature’ and suggests that if the relationship is causal, 
the predominating factors result in malignant neoplasms 
of low biologic potential. Although in each case the histo- 
logic findings confirmec the intimate association of thyroid 
cancer and the inflammatory features of Hashimoto’s thy- 
roiditis, it was not possible to determine microscopically 
whether one entity actually predisposed to the other. It is 
clear, however, that in total thyroid specimens the charac- 
teristic infiltration of Hashimoto’s thyroiditis was present 
throughout, even if the cancer was focal. 

Clinically, these 13 patients were selected for operative 
management because of suspicion of malignant neoplasms 
and in that respect were not different from our entire 
group ef patients with thyroid cancer, in whom the inci- 
dence cf a solitary dommant nodule was 84%. Almost one 
third of the 13 patients had local symptoms within the neck 
(local pressure sensation or tenderness in four patients 
[30%]), which was more than in the entire group of patients 
with thyroid cancer (18%), suggesting that these symptoms 
were ccincident with the thyroiditis. Six of the 13 patients 
were followed up appropriately for thyroiditis and became 
surgica. candidates when a change in the clinical features 
of their disease was noted. The most important changes 
were the presence of a dominant nodule despite adequate 
suppression and the presence of a corresponding cold area 
on scar. Needle aspiration cytologic examination of the 
nodule can provide useful information, but it is clearly of 
diagnostic benefit only when an adequate specimen is 
obtained and interpreted by an experienced cytopatholo- 
gist. Unless carcinoma can be unequivocally excluded, 
operative intervention is necessary. The average time from 
diagnosis of thyroiditis to the clinical features leading to 
the diagnosis of cancer in these patients was six years. 
This suggests the need for continued diligent follow-up in 
all patients with clinical thyroiditis, and we recommend 
this follew-up on a yearly basis. This selective management 
of patients with suspected thyroiditis may contribute to a 
delay in the diagnosis of thyroid cancer in some patients. 
However, since this treatment scheme requires early tissue 
diagnosis when a change in the clinical pattern is evident, 
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it is unlikely that any cancers with biologic significance 
will be missed. 

In the majority of patients with thyroid carcinoma, the 
diagnosis of Hashimoto’s thyroiditis will be made only 
retrospectively after histologic review. The implication is 
that the presence of carcinoma predisposes to a concomi- 
tant reactive lymphocytic inflammation, which may con- 
tribute to a better survival in these patients." Although 
our patient group has not experienced any evidence of 
recurrence to date, it is unlikely that the presence of 
concomitant Hashimoto’s thyroiditis has had a beneficial 
effect on their particular tumor characteristics, sinee they 
all had well-differentiated carcinomas. 

Despite the indolent nature of thyroid malignant neo- 


plasms in these patients, the evaluation of all patients with 
clinical evidence of Hashimoto’s thyroiditis mus: inelude 
pathologic examination of any dominant nonsuppressing 
nodule. Although the suspected presence of Hashimoto's 
thyroiditis can provide one explanation for the abnormality 
within the gland, it certainly does not exclude the possi- 
bility of an associated malignant neoplasm, either paren- 
chymal or lymphoproliferative. Since the thyroic gland is 
a tropic organ, it is conceivable that the same stresses and 
stimuli that contribute to the pathogenesis of Hashimoto's 
thyroiditis could also be an initiator of carcinema. The 
association between Hashimoto’s thyroiditis and thyroid 
cancer may be more than casual in the susceptible individ- 
ual. 
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ARCHIVES OF INTERNAL MEDICINE 
Ethics Consultants and Ethics Committees 
John La Puma, MD, Stephen E. Toulmin, PhD 


To address moral questions in patient care, hospitals and health care systems have enlisted the help of 
hospital ethicists, ethics committees, and ethics consultation services. Most physicians have not been trained 
in the concepts, skills, or language of clinical ethics, and few ethicists have been trained in clinical medicine, 
so neither group can fully identify, analyze, and resolve clinical ethical problems. Some ethics committees 
have undertaken clinical consultations themselves, but liability concerns and variable standards for 
membership hinder their efforts. An ethics consultation service comprising both physician-ethicists and 
nonphysician-ethicists brings complementary viewpoints to the management of particular cases. If they are 
to be effective consultants, however, nonphysician-ethicists need to be “clinicians”: professionals who 
understand an individual patient’s medical condition and personal situation well enough to help in managing 
the case. Ethics consultants and ethics committees may work together, but they have separate identities and 
distinct objectives: ethics consultants are responsible for patient care, while ethics committees are 
administrative bodies whose primary task is to advise in ereating institutional policy (Arch Intern Med. 


1989;149:1109-1112). 


Reprint requests to Section of Clinical Ethics, Lutheran General Hospital, 1775 Dempster St, Park Ridge, 


IL 60068 (Dr La Puma). 
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Your choice of ZINACEF for surgical prophylaxis is an 
investment that can yield outstanding returns in lower 
postop infection rates, shortened hospital stays, and an 
improved bottom line for your patients. 





Significant success against staphylococci 

In a recent study, ZINACEF was shown to be 
“significantly more effective...than cefazolin in 
preventing postoperative wound infections following 
open-heart surgery”’'—especially against Staphylococcus 
aureus and S$ epidermidis. 





Reduces postoperative complications— 

infectious and financial 

A recent nationwide analysis revealed that each 
postoperative wound infection represents a 
nonreimbursable loss to a hospital of $2467 on average? 
By reducing the rate of infection, ZINACEF can help 
reduce these losses. 


l. Slama TG, Sklar SJ, Misinski J, et al: Randomized comparison of cefamandole, cefazolin, and cefuroxime 
prophylaxis in open-heart surgery. Antimicrob Agents Chemother 1986;29:744-747 

2. Haley RW White JW Culver DH, et al: The financial incentive for hospitals to prevent nosocomial infections 
under the prospective payment system. JAMA 1987257:16l1-1614. 
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Brief summary. Before prescribing, consul! complete Prescribing Information. 


INDICATIONS AND USAGE: ZINACEF® is indicated for the treatment of patients with infections caused by suscep- 
tible strains of the designated organesms in the following diseases: 
1. Lower Respiratory Tract intections, inciuding pneumonia, caused by S pneumoniae (formerly D pneumoniae), F 
influenzae (including ampic:llin-resistant strains), Klebsiella sp, S aureus (penicillinase- and non-penicillinase-pro- 
ducing), S pyogenes, and E coli. 
2. Urinary Tract Infections caused by£ cot anc X/ebsiella sp. 
3. Skin and Skin Structure Infections caused by S aureus (penicillinase- and non-penicillinase-producing), S pyogenes, 
E coli, Klebsiella sp, and Enterobacter sp. ‘ ms 
4. Septicemia caused by S aureus (penicillinase- and non-penicillinase-producing), S pneumoniae, E coli, H influenzae American Sterilizer Company Ste E6S 502 costra tros L00400 
(including ampicillin-resistant strainsi, and Kiebsiela sp. 
5. Meningitis caused by Spneumonise, F influenzae (including ampicillin-resistant strains), N meningitidis, and S-aureus 
(penicillinase- and non-penicillinase-producing). 
6. Gonorrhea: Uncomplicated and disseminated gonococcal infections due to N gonorrhoeae (penicillinase- and non- 
penicillinase-producing strains) im bothmales and females. 
7. Bone and Joint Infections caused by S aureus (including penicillinase- and non-penicillinase-producing strains). 
Clinical microbiological studies in skir and skin structure infections frequently reveal the growth of susceptible 
strains of both aerobic anc anaerobicorganisms. ZINACEF has been used successfully in these mixed infections in which 
Several Organisms have been isolatec. Appropriate cultures and susceptibility studies should be performed to deter- 
tg a rape cme or Dones bp D 
py may be started while awaiting the results of these studies; however, oncetheseresults become available, the AP rnationa 006-1007 
antibiotic treatment should be adjusted accordingly. In certain cases of confirmed or suspected gram-positive or gram- ED Internati Deeisee eee eee eee eeeeeeeeeeed l 
negative sepsis or in patients with other serious infections in which the causative y mam has not been identified, 
ZINACEF may be used concom'tantlywith an aminoglycoside (see PRECAUTIONS). The recommended doses of both 
antibiotics may be given depending on the severity of the infection and the patient's condition. 
Prevention: The preoperative prophylactic administration of ZINACEF may prevent the growth of susceptible disease- 
causing bacteria anc thereby may reduce the incidence of certain postoperative infections in patients undergoing surgi- 
cal procedures (eg, vaginal hysterectomy) that are classified as clean-contaminated or potentially contaminated 
procedures. Effective prophylactic useof entibicties in surgery depends on the time of administration. ZINACEF® (sterile 
cefuroxime sodium, Glaxo) should usually be given one-half to one hour before the operation to allow sufficient time to 
achieve effective antibiotic:concentrations in the wound tissues during the procedure. The dose should be repeated 
gy erdi if the surgical ajea lengtħy. 
phylactic administration is usually nat required after the surgical procedure ends and should be stopped within 24 
hours. In the majority of surgical procedures, continuing prophylactic administrationof any antibiotic does not reduce Glaxe, Ine. oes eee cece cece cee eceeeeetseeeeesenes 1010-1012 
the incidence of subsequent infections but will increase the possibility of adverse reactions and the development of 
bacterial resistance. 
The perioperative use of ZINACEF has also been effective during open heart surgery for surgical patients in whom 
infections at the operative site would present a serious risk. For these patients it is recommended that ZINACEF therapy 
be continued for at least 48 hours after the surgical procedure ends. If an infection is present. specimens for culture 
should be obtained for the identificatien o? the causative organism and appropriate antimicrobial therapy should be 
instituted. 


CONTRAINDICATIONS: ZINACEF® is contraindicated in patients with known allergy to the cephalosporin group of 
antibiotics. 


WARNINGS: BEFORE THERAPY WITH ZINACEF® IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE TO DETER- : . 
MINE WHETHER THE PATIENT FAS HAD PREVIOUS HYPERSENSITIVITY REACTIONS TO CEPHALOSPORINS, PENICIL- International Medical Seminars ...............-2+4++++ 999 
LINS, OR OTHER DRUGS. THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO PENICILLIN-SENSITIVE PATIENTS. 
ANTIBIOTICS SHOULD BE ADMINISTEREL WITH CAUTION TO ANY PATIENT WHO HAS DEMONSTRATED SOME FORM 
OF ALLERGY, PARTICULARLY TO DRUGS. IFAN ALLERGIC REACTION TO ZINACEF OCCURS, DISCONTINUE THE DRUG. 
SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES. 
Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad-spectrum antibiotics); 
therefore, it is important to consider its diagnosis in patients who develop diarrhea in association with antibiotic use. 
Treatment with broad-spectrum antidioties alters normal flora of the colon and may permit overgrowth of clostridia. 
Studies indicate a toxin produced by CJifficile is one primary cause of antibiotic-associated colitis. Cholestyramine and 
colestipol resins have been shown to wind the toxin in vitro. 
Mild cases of colitis may respond todru9 discontinuance alone. Moderate to severe cases should be managed with 


fluid, electrolyte, and protein supplementation as indicated. ” e 
When the colitis is not relieved by drug d'scontinuance or when it is severe, oral vancomycin is the treatment of choice Kinetic Concepts, i RP E EE E EE L 
nc daanan pseudomembranous col tis produced by C difficile. Other causes of colitis should also be Knoll Pharmaceuticals CONE OE ee DOOI 


PRECAUTIONS: Aithougn ZINACEF® rately produces.alterations in kidney function, evaluation of renal status during 
therapy is recommended, espec ally inseriously il! patients receiving the maximum doses. Cephalosporins should be 
given with caution to patients receivingconcurrent treatment with potent diuretics as these regimens are suspected of 
adversely affecting renal function. 

The total daily dose of ZINACEF should bereduced in patients with transient or persistent renal insufficiency because 
high and prolonged serum antibiotic concentrations camoccur in such individuals from usual doses. 

As with other antibiotics, prolonged use of ZINACEF may result in overgrowth of nonsusceptible organisms. Caretul 
observation of the patient is essential. superinfection occurs during therapy, appropriate measures should be taken. 

Broad-spectrum antibiotics should te prescribed with caution in individuals with a history of gastrointestinal disease, 
particularly colitis. 


Sieg selon has Deen reported following concomitant administration of aminoglycoside antibiotics and Merck Sharp & Dohme, Division of 
interference with Laberatory Tests: A false-positive reaction for glucose in the urine may occur with copper reduction Merck & Company, Inc. ... 1044 A-D, 1048-1050, 1058-1060 
tests (Benedict's or Fehling’s solution or with Clinitest® tablets), but not with enzyme-based tests for glycosuria (eg, Miles Pharmaceuticals Ah use oranine Ghd cio ME v'-nvastore cae ae ee 


Tes-Tape®). As a false-negative result may occur inthe ferricyanide test, it is recommended that either the glucose oxi- 
dase or hexokinase method be used to eetermine blood plasma glucose levels in patients receiving ZINACEF 
Cefuroxime does not interfere with the assay of serum and urine creatinine by the alkaline picrate method. 
Carcinogenesis, Mutagenesis, Impairment af Fertility: Although no long-term studies in animals have been performed 
to evaluate carcinogenic potentiel, no mutagenic potential of cefuroxime was found instandard laboratory tests. 
Reproductive studies revealed no impairment of fertility in animals. 
Pregnancy: Teratogenic Effects: Pregnancy Category B: Reproduction studies have been performed in mice and rabbits 
at doses up to 60 times the human doseand have revealed no evidence of impaired fertility or harm to the fetus due to 
cefuroxime. There are, however, no adequate anc well-controlled studies in pregnant women. Because animal reproduction 
Stucies are not always predictive of human response, this drug should be used during pregnancy only if clearly needed. 
Nursing Mothers: Since ZINACEF is excreted in human milk, caution should be exercised when ZINACEF is administered 


cL nyt Roche Laboratories, Division of 

tric Use: Safety and effectiveness in children below 3 months of age have not been established. Accumulation of e 
other members of the cephalosporin class in newborn intants (with resulting prolongation of drug half-life) has been Hoffmann-La Roche, Inc. A a e a a A Cover 2-997 
reported. 


ADVERSE REACTIONS: ZINACEF® s generally well tolerated. The most common adverse effects have been local 
reactions following intravenous administration. Other adverse reactions have been encountered only rarely. 

Local Reactions: Thrombophiebitis has occurred with intravenous administration in 1 in 60 patients. 

Gastrointestinal: Gastrointestina sympeoms-occurred in 1 in 150 patients and included diarrhea (1 in 220 patients) and 
nausea (1 in 440 patients). Symptoms of pseudomembranous colitis can appear durin@or after antibiotic treatment. 
Hypersensitivity Reactions: Hypersenswivity reactions have been reported in less than1% of the patients treated with 
ZINACEF and include rash (1 in 125). Prusitus, urticaria, and positive Coombs’ test eachoccurred in less than 1 in 250 
patients, and, as with other cephalosponms, rare cases of anaphylaxis, erythema multiforme, and Stevens-Johnson 


syndrome have occurred. i 
Blood: A decrease in hemogidbin and hematocrit has been observed in 1 in 10 patients and transient eosinophilia in tin Stuart Pharmaceuticals MAS Ser Pests a a8 Cover 3-Cover 4 
14 patients. Less common reactions seen were transient neutropenia (less than 1 in 100 patients) and leukopenia (1 in Symposia NE ah ee a | 


750 patients). A similar pattern and inci¢2nce was seen with other cephalosporins used in controlled studies. 

Hepatic: Transient rise in SGOT and SGP (1 in 25 patients), alkaline phosphatase (1 in 50 patients), LDH (1 in 75 patients), 
and bilirubin (1 500 patients) levels has been noted. 

Kidney: Elevations in serum creatinine and/orblood urea nitrogen and a decreased creatinine clearance have been 
observed, but their relationship to cefuroximess unknown. 


HOW SUPPLIED ZINACEF® is a dry, white to off-white powder supplied in vials and infusion packs. 
Each vial contains cefuroxime sodiummequivalentto 750 mg, 1.5 g. or 75 gof cefuroxime. ZINACEF in the dry state 
should be stored between 15° to 30°C (59° te 86°F), and protected from light. 
NOC 0173-0352-31 750-mg Vials (Trayof 25) 
NDC 0173-0354-35 1.5-g Vials (Tray off25) 
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Patterns of Relapse in 1001 Consecutive 
Patients With Melanoma Nodal Metastases 


Annamaria Calabro, MD; S. Eva Singletary, MD; Charles M. Balch, MD 


@ The impact of nodal tumor burden on patterns of relapse and 
survival was retrospectively analyzed in 1001 patients with stage 
ili melanoma. The incidence of tumor recurrence within the node 
dissection field was lower in patients with 1 nodal metastasis 
(9%) or with no extranodal invasion (15%) than in patients with 
multiple involved nodes (15% to 33%) or connective tissue inva- 
sion (28%). Patients with 1 “positive” node (a node in which 
cancer was detected) had a 45% 5-year and 39% 10-year survival 
rate compared with patients who had 2 to 4 positive nodes (37% 
and 28%), 5 to 10 nodes (20% and 17%), more than 10 nodes (5% 
and 3%), or extranodal invasion (14% and 11%). The occurrence 
of in-transit metastases in 10% of patients after nodal dissection 
was not influenced by the extent of nodal tumor burden. 

(Arch Surg. 1989;124:1051-1055) 


T most important determinant of survival for patients 
with melanoma is the pathological stage of disease— 
specifically, the presence or absence of metastatic spread to 
the regional lymph nodes. Patients with histologically tumor- 
free (“negative”) lymph nodes (stages I and II, American 
Joint Committee on Cancer classification’) have a cumulative 
survival rate of approximately 70% to 80%," but chis rate 
drops drastically to 20% to 30% in patients with documented 
nodal metastases (stage III).* The intuitive explanation of this 
ominous prognosis is the presence of distant subclinical dis- 
ease in the majority of patients with stage III melanoma at 
the time of lymph node dissection. Based on this hypothesis, 
adjuvant treatments have been extensively investigated in 
the past deeade, with the goal of achieving a therapeutic 
advantage by combining systemic therapy with lymph node 
dissection. At present, a definite benefit has not yet been 
demonstrated, regardless of the specific adjuvant employed, 
ie, chemotherapy, immunotherapy, or a combination.*’ The 
reasons for this lack of effectiveness are (1) all the cytotoxic 
drugs tested thus far are known to be inactive in the majority 
(80%) of patients with advanced melanoma; (2) immunothera- 
py with nonspecific agents has been generally employed; and 
(3) the inclusion criteria for patients in adjuvant trials have 
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been based on the presence of lymph node metastases but not 
on the extent of tumor burden. 

Several retrospective studies have shown that the survival 
of patients with stage III melanoma can be predicted with 
considerable accuracy.*" Although minor discrepancies exist 
among the results of these series, a general consensus is that 
long-term survival strongly correlates with the number of 
histologically positive regional lymph nodes. Using this prog- 
nostic factor, we analyzed the surgical treatment results of 
1001 consecutive patients with malignant melanoma and re- 
gional nodal disease to determine clinical outcome and pat- 
terns of relapse. 


PATIENTS AND METHODS 


From March 1944 through December 1974, 4322 patients with 
malignant melanoma were referred to The University of Texas M. D. 
Anderson Cancer Center in Houston. Of these patients, 1129 (26%) 
developed regional lymph nodal metastases during the course of their 
disease. Our series includes the 1001 patients who met the following 
criteria: (1) histologically confirmed diagnosis of melanoma, (2) ab- 
sence of iliac nodal metastases, (3) absence of clinically detectable 
distant metastases, (4) definitive nodal surgery performec at our 
institution, and (5) minimum follow-up of 10 years from the date of 
lymph node dissection. Exclusion criteria ineluded nodal biopsies 
only (106 patients); radical amputations, including the nodal basins (8 
patients); refusal of treatment (10 patients); and mucosal primary 
melanomas (14 patients). 

Treatment failures after lymphadenectomy included tumor recur- 
rence in the nodal basin (within the node dissection field), in-transit 
metastases (between the primary site and regional nodal basin), and 
distant metastases. Cumulative survival rates were calculated from 
the date of node dissection by the life-table method. 


RESULTS 
Patient Characteristics and Treatment 


In our surgical series, 613 patients (61%) were male and 388 
(39%) were female. The median age was 45 years, with an age 
range of 5 to 89 years. The anatomical location of the primary 
melanoma, the regional nodes dissected, and the adjuvant 
treatments are summarized in Table 1. 

Two hundred eighty-seven patients (29%) had cervical 
node dissections, 438 (44%) had axillary node dissections, and 
276 (28%) had either inguinal or combined iliac and mguinal 
node dissections. Two hundred twenty-nine patients (25%) 
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Table 1.—Characieristics of 1001 Patients With Regional 
Nodal Metastases From Cutaneous Melanoma 


Patients With 
Characteristic Metastases, % 






Site of primary melanoma* 






Head or neck 22 
Trunk 34 
Upper extremity 12 
Lower extremity 21 





Unknown 
Noce dissection 









Cervical 29 
Axillary 44 
Inguinal 17 
llioinguinal 10 







No. of positive nodes 
1 






2-4 
5-10 
>10 
Matted 


Adjuvant nodal treatment 
None 73 


Chemotherapy 2 
Immunotherapy 9 
Chemotherapy and immunotherapy 7 
8 
1 












Isolated limb perfusion 
Irradiation 






*Three patients had multiple primary melanomas. 


had histologically “positive” nodes (nodes with tumors) at the 
time the primary melanoma was diagnosed. Of these patients, 
67 had had clinically negative nodes (elective node dissection, 
T% of cases), and the other 162 patients had had clinically 
positive nodes (immediate node dissection, 16% of cases). A 
delayed node dissection for clinically and histologically posi- 
tive nodes that developed 2 months or more after treatment of 
the primary melanoma was performed in 659 patients (66%). 
Node dissection was therapeutically indicated in 113 patients 
who had an unknowr primary melanoma site (11%). Adjuvant 
treatment at the same time as or after the node dissection was 
given to 274 patients (27%): isolated limb perfusion to 79 
patients, immunotherapy to 90, systemic chemotherapy to 
21, acombination of chemotherapy and immunotherapy to 74, 
and postoperative irradiation to 10. 

The extent of tumor burden in the nodal basin was histologi- 
cally documented in 903 patients (90%). The number of nodal 
metastases did not correlate with either the clinical nodal 
status or the time cf node dissection. The only exceptions 
were the higher proportions of patients with involvement of a 
single node among patients with clinically positive nodes 
(45%) and among these with an unknown primary site (37%). 
Documented histological extranodal invasion was present in 
113 patients (11%). Only 242 patients (24%) remained free of 
disease after surgery. In 82 patients (8%), the status of dis- 
ease at the time of patient death was unknown. 


Recurrence in Regional Nodal Basin 


Tumor recurrence in a regional nodal basin after node 
dissection occurred in 162 patients: 15% of those who received 
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Table 2.—Incidence of Regional Nodal Basin Failure After 
Node Dissection in 1001 Patients With Melanoma According 
to the Extent of Nodal Involvement 


Patients With 
Recurrence in 
Nodal Basin, % 


Risk Factor 
No. of positive nodes* 
1 


9 
15 
17 
33 
29 


Extranodal disease 
nt 





*Pairwise comparison with one positive node. 


Table 3.—Incidence of In-Transit Failure After Node 
Dissection in 1001 Patients With Melanomas 


Patients With 
In-Transit 
Risk Factors Metastases, % Pt 
Primary melanoma site 
Lower extremity* 19 aban 
Head or neck <.0001 


Trunk 
Upper extremity 


Nodal basin location 
Inguinal* 


Nodal basin failure 
Inguinal* 


Nodal treatment 
Elective dissection 
(clinically negative nodes)* 


Immediate dissection 
Delayed dissection 


*High-risk factors. 
TNS indicates not significant. 





cervical node dissections, 15% with axillary dissections, and 
17% with inguinal or ilioinguinal dissections. Sex and age of 
the patient, anatomical location and treatment of the primary 
melanoma, clinical nodal status and timing of nodal dissection, 
and adjuvant therapy after nodal dissection did not affect 
recurrence in nodal basins. No significant difference in nodal 
basin recurrence was detected in the 301 patients (30%) who 
had an excisional node biopsy before a therapeutic node 
dissection. 

The two factors that had an independent and statistically 
significant correlation with recurrence in nodal basins were 
the number of nodal metastases (P = .00001) and the presence 
or absenee of extranodal disease (P=.001). Nine percent of 
patients with 1 positive node, 15% with 2 to 4 nodes, 17% with 
5 to 10 nodes, 33% with more than 10 nodes, and 29% with 
matted nodes had recurrent nodal basin disease (Table 2). The 
presence of extranodal disease significantly increased the risk 
of nodal basin failure: 28% of patients with extranodal disease 
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Survival rate of patients by number of positive nodes or extranodal 
disease, from date of node dissection to date of last follow-up or death. 
A indicates 1 positive node; B, 2 to 4 positive nodes; C, 5 to 10 positive 
nodes; D, extranodal disease; and E, more than 10 positive nodes. 


had relapses within the node dissection field, compared with 
15% of patients without extranodal disease (Table 2). 


In-Transit Metastases 


In-transit disease after nodal surgery occurred in 99 pa- 
tients. Sex and age of the patient and the number of positive 
nodes did not affect the incidence of in-transit metastases. 
Related factors were the site of the primary melanoma, the 
location of the dissected nodal basin, the clinical nodal status, 
and recurrence in the nodal basin after node dissection (Table 
3). The rate of development of in-transit metastases was 
highest in patients with primary melanomas of the lower 
extremity (19%), compared with those who had melanomas of 
the upper extremity (8%; P<.01), trunk (9%; P<.001), or 
head and neck region (5%; P<.001). Patients who had dissec- 
tions of the inguinal nodal basin had a higher incidence of in- 
transit metastases (17%) than did patients who had dissec- 
tions of the cervical basin (5%; P<.0001) or axillary basin (9%; 
P<.005). Patients who had elective node dissection and histo- 
logically positive nodes had a 27% incidence of in-transit 
metastases, compared with patients with clinically positive 
nodes who underwent an immediate (4%; P<.00001) or de- 
layed (10%; P<.0001) node dissection. No significant differ- 
ence in the development of in-transit metastases was seen in 
patients who had more than 2 months between excision of the 
primary melanoma and the discovery of positive regional 
nodes. 

In-transit disease occurred simultaneously with nodal ba- 
sin relapse in 45 of 162 patients. The overall incidence of in- 
transit metastases was 38% in patients with recurrent ingui- 
nal nodal disease compared with 17% for patients with 
cervical nodal recurrence (P<.025) or 27% for those with 
axillary nodal recurrence (not significant). The in-transit fail- 
ure rate decreased to 8% with adjuvant nodal therapy only in 
patients who received isolated limb perfusion; the in-transit 
failure rate was 14% in patients who received systemic adju- 
vant therapy and 20% in those who received no adjuvant 
therapy. 


Distant Metastases 


Distant metastases were clinically documented in 677 pa- 
tients (68%). The occurrence of distant disease was signifi- 
cantly lower in patients with a single involved node (60%) than 
in patients with multiple positive nodes (80%; P<.00001). The 
presence of extranodal disease also increased the risk of 
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distant metastases (81%; P<.05), A higher incidence ef meta- 
static disease occurred in patients who developed regional 
recurrence after node resection (83%) than in patients who did 
not have regional relapse (67%; P<.0001). 

The first site of distant metastases was simultaneous multi- 
ple sites in 211 patients (31%), lung in 145 (21%), skin or 
subcutaneous tissue in 107 (16%), brain in 81 (12%), extrare- 
gional nodes in 38 (6%), liver in 33 (5%), gastrointestinal tract 
in 18 (3%), bone in 17 (3%), and other rare or unspecified sites 
in 27 (4%). 


Survival 


The 5- and 10-year overall survival rates of the 1001 pa- 
tients were 33% and 28%, respectively. For the 677 patients 
who developed documented distant metastases after node 
dissection, the 5- and 10-year survival rates decreased to 12% 
and 5%, respectively. Sex and age of the patient, loeation of 
the dissected nodal basin (cervical, axillary, inguinal, or ilioin- 
guinal), clinical nodal status, and adjuvant treatment after 
nodal surgery did not significantly affect survival. The loca- 
tion of the primary melanoma did not influence survival ex- 
cept for higher survival rates in patients with cervical node 
metastases and an unknown site of primary melanoma (5- and 
10-year survival rates of 55% and 47%, respectively) or with a 
primary melanoma on the calf of the leg (5- and 10-year 
survival rates of 43% and 37%, respectively). 

The dominant independent determinants of survival were 
the number of positive nodes, the presenee of extranodal 
disease, and tumor recurrence in the nodal basin with the 
node dissection field. The 5- and 10-year survival rates signifi- 
cantly declined (P=.00001) as the number of positive nodes 
increased with the presence of extranodal disease (Figure). 
Of the 162 patients who developed recurrence in the nodal 
basin after node dissection, 11% survived 5 years and only 5% 
survived 10 years. Although only 12% of the 99 patients with 
in-transit failure after node dissection survived 5 years, the 
number of positive nodes overshadowed the adverse effect of 
in-transit relapse as a prognostic factor. 


COMMENT 


The surgical goal in this series of 1001 patients with melano- 
ma with regional nodal metastases was, of course, to render 
the patient clinically disease free and potentially cured. Local 
and regional control was achieved in most cases, but 10% of 
patients developed in-transit metastases and, depending on 
the number of nodal metastases or the presence of extranodal 
disease, 9% to 33% of patients developed recurrence in the 
nodal basin within the dissection field. Aggressive regional 
chemotherapy and hyperthermia in an isolated perfusion cir- 
cuit in addition to node dissection achieved only a palliative 
benefit by lowering the incidence of in-transit metastases; 
these therapies did not reduce the risk of nodal and distant 
failure.” 

Regardless of the specific treatment performed, the goal of 
cure was rarely achieved, as reflected by the low 5- and 10- 
year survival rates of 33% and 28%, respectively. Distant 
metastases after node dissection remained the major prob- 
lem, confirming that the metastatic involvement of regional 
lymph nodes implies the presence of subclinical disseminated 
disease in most patients. This risk of distant metastases 
depended on the extent of tumor burden, ie, the number of 
positive nodes or the presence of extranodal disease." A 
multifactorial analysis of 12 potential prognostic factors has 
confirmed that the number of nodes and the presence of 
ulceration are dominant variables.” Others”’ havesuggested 
that tumor thickness of the primary melanoma may also be an 
important predictor of survival. We could not accurately 
evaluate these variables because 90% of patients had their 
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primary melanomas excised before being referred to our 
institution. Also, microstaging data by Clark’s level of inva- 
sion“ and Breslow’s tumor thickness” were not available 
during the period of this review (1944 to 1974). 

Despite the obvious limitations of retrospective studies, 
our dismal survival results and those of others***" indicate 
that no significant progress has been achieved in treating 
patients with melanoma with regional nodal metastases. A 
- more aggressive therapeutic approach is still needed. One 
possibility that has been proposed is the elective surgical 
removal of the regional lymph nodes at the time of the prima- 
ry melanoma diagnosis, before the clinical onset of nodal 
metastases. Several prospective but nonrandomized trials 
involving more than 2000 patients with melanoma have dem- 
onstrated an improved survival rate for patients with inter- 
mediate-thickness melanomas (1.5 to 4.0 mm) of the trunk, 
head, or neck who received elective node dissection. Also, 
men with melanoma of the extremity benefited significantly 
from this procedure.” This survival advantage from elective 
node dissection, compared with observation, was not con- 
firmed by randomized prospective studies from the World 
Health Organization,” Geneva, Switzerland, and Mayo Clin- 
ic, Rochester, Minn.” However, these randomized trials have 
not been completely accepted because of limitations in the 
stratification design.” In the World Health Organization Mel- 
anoma Trial, the dominant prognostic factors of tumor thick- 
ness and ulceraticn were not included in the randomization 
criteria. 

Subsequent analysis revealed that, although tumor thick- 
ness subsets were approximately the same in both treatment 
arms, more patients who underwent elective node dissections 
had ulcerated primary melanomas than did the patients who 
received wide excision only (52% vs 19%). Furthermore, 85% 
of the patients in this trial were women with melanomas of the 
extremity, a group at low risk for developing metastases. 
Similarly, nearly two thirds of the patients in the Mayo Clinic 
trial had thin melanomas of 1.5 mm or less. Treatment-related 
differences may not be apparent in such a relatively low-risk 
patient population. Controversy of the value of elective node 
dissection emphasizes the need to participate in the random- 
ized prospective clinical trials (eg, National Intergroup Pro- 
tocol for intermediate-thickness melanoma [1.0 to 4.0 mm] 
currently in progress). 

A different therapeutic approach is required for patients 
who present with clinically palpable regional disease. Al- 
though preoperative or postoperative irradiation in patients 
with a high risk of nodal basin failure (>20%) may not increase 
survival, the use of shert-course high-dose fractionation irra- 
diation® could improve local control. For example, patients 
with head and neck melanomas may experience considerable 
morbidity associated with loeal or regional recurrence or with 
extensive elective node dissections. A study is currently be- 
ing conducted at the M. D. Anderson Cancer Center to evalu- 


ate the effectiveness of radiotherapy for clinically uninvolved 
lymph drainage areas in patients with intermediate-to-thick 
or recurrent primary head and neck melanomas and in pa- 
tients undergoing therapeutic node dissections. 

Because of the elevated risk of distant micrometastases 
(60% to 85%), patients with positive nodes are also optimal 
cand dates for systemic adjuvant treatment in combination 
with node dissection. Many trials have been conducted to 
investigate the possible benefits of adjuvant systemic immu- 
notherapy and/or chemotherapy, but no definite survival ad- 
vartege has been shown. Although nonspecific immunothera- 
py trials have not been effective, recent progress in the 
immunobiological study of melanoma™ may provide useful 
information for designing second-generation trials to study 
treatments, such as melanoma-specific tumor cell vaccines,” 
actrvated tumor-infiltrating lymphocytes,” or immunotoxic 
con uzates against melanoma-associated antigens.” For ad- 
juvant systemic chemotherapy, the inherent resistance of 
advanced melanoma to the commonly used cytotoxic drugs 
alse applies to subclinical disease. The development of new, 
more active chemotherapeutic agents has met with limited 
success. An alternative approach is to evaluate the possible 
role o? neoadjuvant (preoperative) chemotherapy. The ratio- 
nale is that preoperative chemotherapy could identify pa- 
tients with “resistant” tumors who are not likely to benefit 
from further courses of chemotherapy. Whether intensifica- 
tion therapy (eg, high-dose chemotherapy with autologous 
bone marrow rescue) in patients demonstrating a response to 
chemotherapy will have an impact on long-term survival re- 
mains to be proved.*” The chances for survival vs toxicity 
risks must be carefully weighed for patients who could poten- 
tially achieve long-term suryival with surgery alone, ie, pa- 
tients who have one positive node without extranodal 
extension. 

In summary, the results of this retrospective analysis of 
1001 patients with consecutively treated melanomas with 
regicnal nodal metastases demonstrated that the clinical out- 
come cf disease strongly correlates with the extent of nodal 
tumar burden. The occurrence of local or regional relapses 
(recurrence in nodal basin, 16% of patients; in-transit metas- 
tases, 10%) and distant metastases (60% to 85% of patients) 
and the ominous overall survival rates (33% and 28% at 5 and 
10 years, respectively) indicated that surgery alone as a 
therapeutic modality is usually ineffective, particularly in 
high-risk groups of patients (those with multiple positive 
nodes and/or extranodal disease). Prospective clinical trials 
are stil needed to define (1) whether the elective removal or 
irrad:ation of regional lymph nodes before the onset of clini- 
cally detectable metastases provides a survival advantage 
over observation and delayed node dissection only for palpa- 
ble disease, and (2) which adjuvant modality should be used 
for patients with nodal metastases and how or to whom it 
should be given. 
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Prognostic Factors in Gastric Cancer 


With Serosal Invasion 


Univariate and Multivariate Analyses 
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è Univariate and multivariate analyses of possible prognos- 
tic factors were carried out on data from 142 patients who had 
undergone curative resection for a carcinoma of the stomach 
invading beyond the muscularis propria. In the univariate 
analysis, factors including age, size of cancer, gross form, 
depth of penetration, lymph node metastasis, lymphatic inva- 
sion, width of serosal invasion, mode of invasion, volumetric 
shape of invasion, and stage had an individual prognostic 
significance. The multivariate analyses indicated that stage, 
lymph node metastasis, and depth of penetration were the 
most significant prognostic factors and that the prognosis in 
cases of obvious serosal invasion, or those with secondary 
or tertiary nodal involvement, was poor. For such patients, we 
prescribe postoperative intensive chemotherapy, even when 
a “curative” operation is done. 

(Arch Surg 1989;124:1061-1064) 


he prognosis of advanced gastric cancer invading the 

serosa remains poor, even when a curative operation is 
done. In such cases, the five-year survival rate is about 
20% to 40%.'? Causes of recurrences vary with the individ- 
ual and include peritoneal dissemination, lymph node 
metastasis, and hematogenous metastasis to distant or- 
gans. Although studies have been done on prognostic 
factors related to gastric cancer,’ most were of a univariate 
analysis, and little is known of factors that significantly 
correlate to the prognosis, especially in patients with 
invasion of the cancer into the serosa who underwent 
curative surgery. 

There is general agreement that carcinomas with infil- 
trative-type involvement of the subserosal layer have a 
great significance in the prognosis and that disseminating 
metastasis is frequent,** as in those with extension to the 
serosal surface or to adjacent organs. In the Japanese 
Research Society for Gastric Cancer study,‘ these cases 
are considered to have the same prognosis as cases with 
serosal invasion because of the similarity in prognosis of 
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patients with subserosal and serosal invasion. Thus, malig- 
nant lesions invading subserosal tissues were included in 
the present study. 

We carried out a univariate and multivariate analysis to 
assess clinicopathologic factors that influence the subse- 
quent clinical course after curative resections for gastric 
carcinoma invading into or through the subserosal layer, 
beyond the muscularis propria. 


PATIENTS AND METHODS 
Patients 


This study was based on a retrospective analysis of 142 patients 
with advanced adenocarcinoma invading into or through the 
gastric subserosa, beyond the muscularis propria, who were 
surgically treated in the Department of Surgery II, Kyushu 
University Hospital, Fukuoka, Japan, between 1975 and 1980. All 
were instances of primary carcinoma without factors such as 
peritoneal seeding or distant metastasis. Second- or third-level 
dissection of the lymph nodes, with or without combined resection 
of the directly invaded adjacent organs, was done. Operation was 
considered to be curative when all the apparent metastatic lesions 
had been removed. Histologic examination of the resected speci- 
mens was carried out on all specimens, and these patients were 
followed up for more than five years after the operation. 


Statistical Methods 


Univariate Analysis. —The following 14 items were used for the 
univariate statistical analyses: age, sex, location, size, gross form, 
depth of penetration, lymph node metastasis, lymphatic invasion, 
vascular invasion, width of serosal invasion, histologic type, mode 
of invasion, volumetric shape of invasion, and pathologic stage. 
Each item was divided into two or more subgroups (Table 1). The 
gross form of the tumor was classified according to Borrmann’s 
type,’ and some belonged to an unclassified type. Width of serosal 
invasion was histologically determined by the length of serosal 
invasion on the cut surface of the specimen.’ Histologic types were 
divided into differentiated and undifferentiated ones. Mode of 
invasion was classified into infiltrative and expanding types, 
according to Ming. Volumetric shape of the invaded area was 
determined according to the criteria established by Haraguchi 
et al.* Other evaluations were made according to rules established 
by the Japanese Research Society for Gastric Cancer.‘ With 
respect to these 14 variables, survival rates were determined by 
means of the Kaplan-Meier method" and the log-rank test.” 
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Table 1.—Univariate Analysis of Various Prognostic 
Factors in Patients With Gastric Carcinoma* 


No. (%) of 5-y 
Patients Survival 
(N=142) Rate, % 


60 (42.3) 
82 (57.7) 


94 (65.2) 
48 (33.8) 


Location 
Upper third 


Middle third 
Lower third 


Size, cm 
<8 79 (55.6) 


8-12 40 (28.2) 
>12 23 (16.2) 


Gross formt 
Borrmann 1, 2 


Borrmann 3, 4 
Unclassified 


42 (29.6) 
49 (34.5) 
51 (35.9) 


32 (22.5) 
89 (62.7) 
21 (14.8) 


Depth of penetration 
SS 41 (28.9) 


SE 78 (54.9) 
SI, SEI 23 (16.2) 


Lymph node metastasis 
NO 51 (35.9) 


40 (28.2) 
38 (26.8) 
13 (9.1) 


Lymphatic invasion 
None 


Minimal 


55 (38.7) 
49 (34.5) 
Moderate to severe 38 (26.8) 


Vascular invasion 
No 127 (89.4) 


Yes 15 (10.6) 


Width of serosal invasion, cm 
<4 88 (62.0) 


>4 54 (38.0) 


Histologic type 
Differentiated 


Undifferentiated 


Mode of invasion 
Expanding 


infiltrative 


Volumetric shape of invasion 
Funnel 


Mountain, column 


58 (40.8) 
84 (59.2) 


52 (36.6) 
90 (63.4) 


48 (33.8) 
94 (66.2) 


14 (9.9) 
18 (12.7) 
74 (52.1) 
36 (25.3) 


*SS indicates subserosa; SE, cancer cells present on the serosal surface 
and exposed to the peritoneal cavity; SI, cancer cells infiltrating the 
neighboring tissue; SEI. coexistence of SE and SI; NO, no metastasis; N1, 
metastasis to primary 'ymph nodes; N2, metastasis to secondary lymph 
nodes; N3, metastasis to tertiary lymph nodes; and NS, not significant. 

tClassified according to Borrmann.’ 





1062 Arch Surg—Vol 124, September 1989 





Table 2.—Multivariate Analysis of Various Prognostic 
Factors in Patients With Gastric Carcinomas* 


No. of 
Patients 


Variable (N=142) 


Gross formt 
Borrmann 1, 2 


Borrmann 3, 4 
Unclassified 

Depth of penetration 
Ss 


SE 
SI, SEI 

Lymph node metastasis 
NO 


N1 
N2 
N3 
Lymphatic invasion 
None 
Minimal 
Moderate to severe 
Width of serosal invasion, cm 
<4 
=4 
Mode of invasion 
Expanding 
infiltrative 


Volumetric shape of invasion 
Funnel 


Mountain, column 


*See Table 1 for expansion of abbreviations. 
tClassified according to Borrmann.’ 


Multivariate Analysis. —Sequentially, the proportional hazards 
model" was used to define the most pertinent prognostic factor 
among the variables with a statistical significance in the univariate 
analysis. The variables analyzed are shown in Table 2. 


RESULTS 


The survival curves for the 142 patients are shown in 
Fig 1. The five- and ten-year survival rates were 39.4% 
and 27.4%, respectively. 


Univariate Analysis 


Table 1 shows the five-year survival rate for each 
variable. No statistically significant differences were found 
with regard to sex, location, vascular invasion, and histo- 
logic type. In contrast, a significant correlation with the 
prognosis was found for age, size, gross form, depth of 
penetration, lymph node metastasis, lymphatic invasion, 
width of serosal invasion, mode of invasion, volumetric 
shape of invasion, and pathologic stage. 
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4 


Multivariate Analysis 


Table 2 summarizes the results of the multivariate 
analysis of various factors with a prognostic sign ficance in 
the univariate analysis. There were statistically significant 
differences with regard to stage, lymph node metastasis, 
and depth of penetration (P<.0001) and mode of invasion, 
age, and size of tumor (.001<P<.05). On the contrary, 
there was no statistically significant prognostic relevance 
for gross form, lymphatic invasion, width of serosal inva- 
sion, and volumetric shape of the invasion. 

Kaplan-Meier survival curves with regard to these six 
variables with prognostic significance are showr in Fig 2. 
A good prognosis was seen in those with stage 1 or 2, 
invasion to within the subserosa, no lymph node metastasis, 
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Fig 1.—Overall survival curve of 142 patients with gastric eancer 
invading into or through subserosa beyond muscularis propria. 


Fig 2.— Survival curves according to pathologic stage, depth of 
penetration, lymph node metastasis, age, size, and mede of 


4 6 invasion. Good prognosis was associated with stage | cr Il, cancer 
l invasion within subserosa, no evident lymph node metastasis, age 
Years After Operation | less than 60 years, cancer less than 12 cm, and expaading type. 


SS indicates subserosa; SE, cancer cells present on ‘he serosal 
surface and exposed to the peritoneal cavity; SI, cancer cells 
invading the neighboring tissue; and SEI, coexistence of SE and 
SI. 
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age under 60 vears, lesion less than 12 em, and expanding 
type. Those with a poor prognosis were in stage 3 or 4, had 
tumors that had invaded to beyond the serosal surface, had 
a positive nodal involvement in secondary or tertiary nodes, 
were over age 60 years, had lesions that exceeded 12 cm, 
and had tumors of the infiltrative type. 


COMMENT 


Despite advances in surgical techniques and postopera- 
tive care, the prognosis of patients with advanced gastric 
cancer invading the serosa is poor,'*"* even when curative 
surgery has been carried out. Therefore, it may be useful 
to clarify clinicopathologic factors with a prognostic signif- 
icance in the hope of gaining a longer survival time for 
such patients. 

We found that of ten variables selected by univariate 
analysis, only age, size, depth of penetration, lymph node 
metastasis, mode of invasion, and pathologic stage had a 
prognostic significance as determined in the multivariate 
analysis. Of these six variables, the most pertinent prog- 
nostic factors were depth of penetration, lymph node 
involvement, and pathologic stage. Similar findings were 
observed by Cunningham et al’ and Bozzetti et al.’ 

Our data revealed that in the multivariate analysis, width 
of serosal invasion was not a significant factor influencing 
the prognosis, although it was significant in the univariate 
analysis. These findings may be explained by the observa- 
tion that adjustment for confounding variables was not 
made in the univariate analysis. As the mode of invasion, 
according to Ming’s classification,” was a prognostic factor 
in both univariate and multivariate analyses, it seems 
reasonable to conclude that the mode of invasion of the 
primary tumor was more relevant to the prognosis than 
was the width of the serosal invasion. 

On the other hand, complete removal of adjacent organs 
into which the tumor has invaded prolongs the survival 


time (direct invasion to neighboring tissue) to almost the 
same evel as that seen with invasion confined to the serosal 
surface. These findings are compatible with results ob- 
tainec earlier with regard to the prognosis of a far- 
advanced carcinoma." We found that in potentially curable 
patierts treated by complete excision of the lesion, the 
probability of long-term survival was statistically better 
than that in cases of incomplete excision. In this study, 
however, the prognosis in patients with cancer invasion to 
the serosal surface was much poorer than that for those 
with invasion into the subserosa, even in cases with 
curative surgery. Presumably this relates to the presence 
of free cancer cells in the peritoneal cavity and/or micro- 
metastasis in the peritoneal cavity. 

The presence of lymph node metastasis also plays an 
important role in determining the prognosis in patients 
with advanced gastric cancer.'!""* In the current series, 
the probability of survival depended on metastasis to the 
secondary and tertiary nodes compared with the absence 
of nodal involvement or the presence of a primary nodal 
involvement. 

In light of all these observations, there seem to be 
limitations to aggressive surgical procedures such as ex- 
tended lymphadenectomy, especially for those with obvious 
serosal invasion plus secondary and/or tertiary nodal in- 
volvement. According to a report by the Japanese Study 
Group of Surgical Adjuvant Chemotherapy,” the regimen 
of bolus intravenous injection of mitomycin at the time of 
surgery, and on the following day, plus oral administration 
of a fluorinated pyrimidine antimetabolite (Futraful) 
(N1-[2'-tetrahydrofury]]-5-fluorouracil) for three months 
significantly improved the five-year survival rate for those 
with stage III cancer and for those with lymph node 
metastasis plus obvious serosal invasion. Therefore, effec- 
tive adjuvant chemotherapy is needed to extend further 
the survival time of patients undergoing curative resection 
for gastric cancer with serosal and/or nodal involvement. 
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Median Sternotomy for Implantable 


Cardioverter/Defibrillator 


Bradford M. Blakeman, MD; David Wilber, MD; Roque Pifarre, MD 


è The automatic implantable cardioverter/defibrillator is an 
accepted mode of therapy for medically refractory sustained 
ventricular tachycardia or fibrillation. At the Loyola University 
Medical Center, Maywood, Ill, 39 implantations were performed in 
a 14-month period. The method of implantation was the median 
sternotomy. Our population included 9 patients in whom sterno- 
tomies had to be redone and 17 patients with concomitant 
revascularization. Two patients died due to pump failure, and one 
major complication (infection) occurred that was directly related 
to the automatic implantable cardioverter/defibrillator. The medi- 
an sternotomy, because of good results, continues to be our 
method of choice for insertion of the automatic implantable 
cardioverter/defibrillator. 

(Arch Surg. 1989;124:1065-1066) 


ortality remains high for patients with ventricular 

tachycardia and fibrillation. The automatic implantable 
cardioverter/defibrillator is commonly used to treat this 
group of patients who are refractory to medication." The 
following multiple methods for implantation have been sug- 
gested: subxyphoid and subcostal approaches, anterior tho- 
racotomy, and median sternotomy.’ The preferred method 
for all patients at the Loyola University Medical Center, 
Maywood, Ill, has been the median sternotomy for 39 implan- 
tations. We will discuss the method utilized and the major 
complications. 


MATERIALS AND METHODS 


The patient is always placed in the supine position, and the legs are 
appropriately positioned if concomitant revascularization is to be 
performed. A standard median sternotomy is performed. Ifa sterno- 
tomy has to be redone in a patient, the groin is prepared for potential 
bypass access, and a cardiopulmonary bypass machine is on standby 
in the operating room. 

Because thresholds of pericardial patches have been high at our 
medical center, the pericardium is always opened, even in patients 
with previous coronary artery bypass surgery. Large patches 
(20 em’) (Model L67, CPI) and screw-in epicardial leads are used on 
all patients. The posterior patch is sewn directly to the pericardium at 
two points with nonabsorbable sutures. The screw-in leads are al- 
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ways placed in the left ventricle away from the posteriar patch and 
repositioned until an R wave of greater than 8 mV is acaieved. It is 
important to have the leads closely spaced. If the patien: has under- 
gone coronary revascularization, the patches and leads must not be 
placed over or near the bypass grafts. The posterior patea and screw- 
in leads also are placed before the patient is weaned from cardiopul- 
monary bypass when concomitant revascularization is performed. 
This allows greater stabilization during the manipulation of the heart. 

The anterior patch is then placed either directly œ the right 
ventricle or folded over the anterior margin of the heart. Hearts that 
have a great deal of fat have been found to have high thresholds for 
cardioversion/defibrillation, so it is necessary for the patch to be in 
contact with the heart muscle. This is especially true in patients with 
poor ventricular function. 

The incision for the generator is then made obliquely or the abdom- 
inal wall four finger breadths below the costal margin. With obese 
patients, the generator is positioned above the anterior fascia, and 
with thin individuals, it is placed below the anterior fascia. The 
generator is also placed at an oblique angle. 

To prevent lead injury, the leads (patches and sensing electrodes) 
are tunneled into the abdominal pocket with a chest tube. Intraopera- 
tive testing is then performed with the external cardioverter/defibril- 
lator (CPI, St Paul, Minn). Each shock is delivered appreximately 10 
seconds following induction of the arrhythmia. The initiakenergy is 20 
J, and this is reduced by 5 J during each successive trial until the 
shock fails to terminate the arrhythmia. If the initial 20 shock fails 
to terminate the arrhythmia, different patch configurations are test- 
ed in an attempt to improve thresholds. The same proces: is repeated 
for both ventricular tachycardia and fibrillation. 

The generator is then connected to the leads and tested for both 
cardioversion and defibrillation. The only exception te immediate 
testing and/or generator placement for concomitant revasculariza- 
tion cases has been in unstable patients who have been weaned from 
cardiopulmonary bypass. This small group of patients is returned 
several days later for threshold testing and generator implantation. 
The wounds are closed in a standard fashion. Nonabserbable skin 
sutures are used for the abdomen because several patients have 
developed a fluid collection around the generator. 


RESULTS 


Thirty-nine implantable defibrillators were implanted dur- 
ing a 14-month period. The group consisted of 36 males and 3 
females, with a mean age of 54 years. In 9 patients. sternoto- 
mies were redone; 17 patients underwent concomitant revas- 
cularization, and 5 patients had pacemakers placed during the 
same hospitalization. 
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Nine complications occurred in these 39 patients —5 pocket 
seromas and 1 case each of pocket infection, pneumonia, 
appendicitis, and pneumothorax. Two in-hospital deaths oc- 
curred, and both were due to myocardial infarction. Neither 
of these patients had undergone revascularization, nor were 
any sternotomies redone in these patients. 


COMMENT 


Many methods of automatic implantable cardioverter/defi- 
brillator implantation have been introduced in the litera- 
ture. ‘* Although the methods —subxyphoid and subcostal ap- 
proaches and thoracotomy—have been successful, median 
sternotomy in our experience has several advantages. First, 
the discomfort of median sternotomy is better tolerated. 
Thoracotomies and subcostal incisions, because of the muscle 
cutting, are the most painful. Patients who undergo a sterno- 
tomy or the subxyphoid approach are frequently receiving 
oral pain medication by the second postoperative day. 

Second, exposure is improved with the sternotomy and 
allows the sensing leads to be placed easily in the left ventri- 
cle. This is particularly important if the patient requires a 
pacemaker as did five of our patients. Placement of sensing 
leads in the left ventricle allows a transvenous pacemaker 
system to be placed and decreases the possibility that mal- 
funetion of the defibrillator will occur due to false sensing of 
the pacemaker. This theoretically would be most dangerous if 
the patient fibrillated and the generator sensed only the paced 
rhythm. The automatic implantable converter/defibrillator 
would not discharge, and the patient would die. The likelihood 


of this “cross talk” is decreased by the method outlined and by 
the use of a bipolar pacing system. The predictability of who 
will need a pacemaker has not always been known in our 
populetion of patients. 

The thoracotomy approach does allow a similar global expo- 
sure o° the heart. However, the discomfort is much greater. 
Third, if the patient has had previous cardiac surgery as nine 
of our patients have, the ability to defibrillate or cardiovert 
through a scarred pericardium has not been consistent. Ini- 
tially, attempts were done to check thresholds with patches 
placed on the pericardium; however, thresholds were unac- 
ceptably high. We now dissect out the heart and place the 
patches directly on the epicardial surface. The thoracotomy 
also does not allow good access to the heart if a bypass graft is 
transected or occluded by manipulation. The surgeon can 
certainly cannulate threugh the groin if technical problems 
arise during a thoracotomy. However, accessibility of the 
aorta is not good if a bypass needs to be redone. This again is 
best approached through a median sternotomy. 

Finally, the issue of infection is not more prevalent with a 
mediam sternotomy. Our population includes one infection in 
the first 39 implantations. This compares favorably with an 
infection rate of 2% to 5.5% offered in the literature.'*” 

So, È is our conclusion that for reasons of better exposure, 
comfort, improved accessibility in patients with previous by- 
pass surgery when technical problems occur, and no in- 
creased infection rate, the median sternotomy remains the 
incision of choice for implantable defibrillators. 
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Cardiopulmonary Effects of Pressure 


Support Ventilation 


James M. Hurst, MD; Richard D. Branson, RRT; Kenneth Davis, Jr, MD; Roger R. Barrette, MD 


è Pressure support ventilation (PSV) is a newer mode of venti- 
latory support that augments the patient’s spontaneous inspira- 
tions to a preselected peak inspiratory pressure. We studied the 
effects of adding low levels of PSV (5 to 10 cm H,O) in conjunction 
with intermittent mandatory ventilation (IMV) on 15 patients who 
required mechanical ventilation for flail chest and pulmonary 
contusion. Patients were selected for the study if, during wean- 
ing from IMV, the following criteria were met: (1) a Paco, level 
greater than 45 mm Hg, (2) a spontaneous respiratory rate (RR) 
greater than 30 breaths per minute, (3) a minute ventilation (VE) 
greater than 9.0 L/min, and (4) spontaneous tidal volumes (VT) of 
less than 2 mL/kg. The PSV was added to the IMV at a level that 
augmented spontaneous VT to greater than 4 mL/kg. An average 
of 9 +3 cm H,O of pressure support resulted in a fall in the level of 
Paco, (50+ 4 to 43+5 mm Hg), spontaneous RR (36+5 to 16+3 
breaths per minute), Ve (12+2 to 8.4+1.5 L/min), and dead 
space-tidal volume ratio from (0.68+0.1 to 0.47+0.05). Mean 
airway pressure and Pao, both increased, but these changes 
were not statistically significant. Oxygen consumption was also 
unchanged. These results suggest that in patients who are diffi- 
cult to wean due to respiratory muscle fatigue (characterized by 
increasing RR and decreasing Vt), PSV normalizes lung vol- 
umes, improves ventilation, and may expedite the weaning 


process. 
(Arch Surg. 1989;124:1067-1070) 


he goals of mechanical ventilation and end-expiratory 

pressure therapy in patients with acute respiratory fail- 
ure are to provide adequate oxygenation and ventilation. 
Often the plethora of ventilatory modes used to accomplish 
these goals each has its advantages and disadvantages but are 
all successful in most cases. In fact, the practice of ventilatory 
support is one area where medicine as art may prevail over 
medicine as a science. 

Pressure support ventilation (PSV) is a newer mode of 
ventilatory support that has been purported to reduce wean- 
ing time, decrease the work of breathing, and make the 
patient “more comfortable” when compared with convention- 
al techniques. * By definition, PSV is patient triggered, pres- 
sure limited, and flow cycled. When the patient initiates a 
breath, the ventilator raises airway pressure to a preselected 


Accepted for publication December 12, 1988. 

From the Division of Trauma/Critical Care, Department of Surgery, Univer- 
sity Hospital Medical Center, University of Cincinnati (Ohio) College of Medi- 
cine. 

Presented at the Annual Meeting ofthe Eastern Association for the Surgery 
of Trauma, Long Boat Key, Fla, January 14, 1988. 

Reprint requests to University Hospital, Department of Surgery ML 558, 
Division of Trauma/Critical Care, 231 Bethesda Ave, Cincinnati, OH 45267- 
0558 (Dr Hurst). 


Arch Surg—Vol 124, September 1989 


level, where it remains until the patient’s peak inspiratory 
flow falls to 25% of the initial peak flow. As such, each pres- 
sure-supported breath has a variable volume, time, and flow. 
Pressure support ventilation may be used alone or in conjunc- 
tion with intermittent mandatory ventilation (IMV). Alone, 
PSV supports every breath to the selected inspiratory pres- 
sure. With IMV, PSV supports the patient’s efforts (sponta- 
neous inspiration) between volume-controlled breaths from 
the ventilator. Figure 1 depicts the effects of PSV on airway 
pressure, flow, and tidal volume (VT). 

We examined the effects of providing low levels of PSV 
(sufficient to “normalize” spontaneous VTs) to 15 patients who 
showed signs of respiratory fatigue during weaning with 
IMV. 


PATIENTS AND METHODS 


We studied 15 patients with flail chest and pulmonary contusion 
who had failed repeated attempts at weaning from the mechanical 
ventilator rate during IMV and who met the following criteria: (1) a 
Paco, level greater than 45 mm Hg, (2) a spontaneous respiration rate 
(RR) greater than 30 breaths per minute, (3) minute ventilation (VE) 
greater than 9.0 L/min, and (4) spontaneous VT greater than 2 
mL/kg. Patient data are given in Table 1. Initial ventilation was 
provided in the synchronous IMV mode at a VT of 12 to 15 mL/kg and 
an RR sufficient to maintain normocarbia and a pH greater than 7.35. 
Continuous positive airway pressure was titrated to maintain a PaO,- 
fraction of inspired oxygen (F10,) ratio greater than 200. The F10, 
was kept constant throughout the study (0.45). All patients under- 
went ventilation with a Veolar Microprocessor Ventilator (Hamilton 
Medical, Reno, Nev). At baseline and after institution of PSV, the 
following measurements were made: (1) ventilator and spontaneous 
frequencies and volumes were measured by pneumotachography; (2) 
mean, peak, and end-expiratory airway pressures were monitored 
electronically at the proximal airway; and (3) arterial blood gases and 
pH were drawn from indwelling radial artery lines and measured 
according to standard technique. Oxygen consumption (VO,), carbon 
dioxide production (WCO,), energy expenditure, and dead space-tidal 
volume ratio (VD/VT) were continuously monitored using a metabol- 
ic measurement cart (MMC Horizon, Sensormedics, Anaheim, Calif). 
After baseline measurements were made, 5 cm H,O of pressure 
support was added. The IMV rate was kept constant throughout the 
study. Thereafter, pressure support was added in 2-cm H,O incre- 
ments until patient-initiated volumes were greater than 4 mL/kg. 
Four patients received parenteral nutrition, and 11 patients received 
enteral nutrition. All patients were monitored with indirect calorime- 
try to determine energy requirements, and no patient had a respira- 
tory quotient greater than 1.0. All patients received either an epidu- 
ral analgesic, an intravenous analgesic, or a combination of both for 
pain control. Pain control methods were unchanged during the study 
period. Data were statistically analyzed using Student's ¢ test be- 
tween paired measurements. 
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RESULTS 


A summary of the results is given in Table 2. The mean level 
of pressure support necessary to normalize the VTs was 9+3 
em H,O. The RR fell dramatically as the VT increased, while 
the total Ve fell slightly. The increase in VT also resulted i in an 
improvement in the VD/VT ratio. A slight fall was seen in 
measurements of Vo,, VCO, and energy expenditure, but 
these changes were not statistically significant. The Pao, 
levels increased along with the mean airway pressure, al- 
though these changes were also not statistically significant. 
The conditions of all the patients improved with the addition 
of PSV to IMV. The average time to extubation following the 
addition of PSV was 2.4 days (range, 1 to 7 days). Patients 
with longer weaning times tended to be older and had been in 
poor health before their injury. No other variables were 
associated with increased weaning time. 


COMMENT 


Weaning patients from mechanical ventilatory support has 
been accomplished with a variety of techniques and an even 
wider variety of clinical criteria.” 

The process of weaning is generally accomplished without 
difficulty. In some patients, however, weaning is slow and 
difficult. It is often said that these patients “fail to wean.” 
Fig 1.—The effects of adding 10 cm H,O pressure support on airway Weaning failure may be caused by any number of intrinsic and 
pressure flow and tidal volume during spontaneous breathing. | indi- extrinsic factors. Perhaps the most common cause of weaning 
cates inspiration; E, expiration. failure occurs when the clinician attempts to push the pa- 


Table 1.—Patient Data for 15 Patients With Flail Chest or Pulmonary Contusion* 
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Patient No./ Duration, 
Age, y/Sex Diagnosis IMV CPAP Fio, C. d BE RQ Nutrition Pain 
1/64/M Assault, 7 rib fractures, and 
pulmonary contusion 
MYA, 5 rib fractures, and 
pulmonary contusion 
3/54/M MVA, 6 rib fractures, pulmonary 
contusion, and pelvic 
fracture 0.45 47 16 +1.5 0.87 EPI/IV 








4/36/M 





MVA, 7 rib fractures 


5/61/F Fall, 7 rib fractures 0.45 44 10 -1 0.87 
6/62/F MWA, 6 rib fractures, and 
fractured humerus 6 5 0.45 60 12 +2 0.91 E EPI 


MVA, 7 rib fractures, ruptured 


spleen, and multiple long- 
bone fractures 





8/57/F Fall, 9 rib fractures, and 
fractured humerus 


MA, 7 rib fractures, and 


ruptured diaphragm a 5 0.45 59 10 -1 0.83 P IV 
10/50/M MVA, 5 rib fractures, fractured 

sternum, and ruptured 

bladder 4 5 0.45 46 11 0 0.87 E IV 


11/49/M MVA, 9 rib fractures, pelvic 


fractures, ruptured spleen, 
and liver laceration 





12/47/M MVA, 7 rib fractures, fractured 

sternum, and ruptured 

spleen 8 5 0.45 43 10 +1 0.86 E IV 
13/52/M MVA, 7 rid fractures—R, and 4 

rib fractures—L 6 8 0.45 51 12 






Assault, 6 rib fractures—R, and 
7 rib fractures—L 


MVA, 8 rid fractures, and 
multiple long-bone fractures 6 5 0.45 47 15 +1 0.87 E EPI/IV 


*IMV indicates intermittent mandatory ventilation (rate, breaths per minute); CPAP, continuous positive airway pressure (cm H:O); Fio,, fraction of inspired 
oxygen (%); C,, lung compliance (mL/cm H,O); BE, base excess; RQ, respiratory quotient; MVA, motor vehicle accident; P, parenteral; E, enteral; EPI, epidural; 
and IV, intravenous analgesia. 
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Table 2.— Summary of Results* 


Value IMV IMV+PSV 
Pao,, mm Hg 87+10 99+16 
Paco,, mm Hg 50+4 43+5t 


RR, spontaneous, 


breaths per minute 36+5 16+3f 
Vo,, mL/min 299 +59 278+68 
Vco,, mLimin 270 +23 245 +27 
REE, kJ/c 8316+714 7843 + 743 
Paw, cm 4,0 12+4 16+5 
VDIVT, % 0.68 +0.1 0.42+0.05tf 


MAP, mm Hg 84+7 82+9 


SP, mm Kg 139+15 130+ 16 


*IMV indicates intermittent mandatory ventilation; PSV, pressure support 
ventilation; Pao,, arterial partial pressure of oxygen; Paco,, arterial partial 
pressure of carbon dioxide; RR, respiratory rate; Ve, expired volume; Vo,, 
oxygen consumption; Vco,, carbon dioxide consumption; REE, energy 
expenditure; Paw, mean airway pressure: VD/VT, volume of dead space to 
tidal volume ratio; MAP, mean arterial pressure; and SP, sequential pulse. 

tP<.05. 

tP<.01. 





tient before the pathophysiologic process is resolved. Intrin- 
sic factors precluding weaning include the following: (1) 
insufficient ventilatory drive caused by metabolic alkalosis, 
malnutritien, excessive use of narcotics, myxedema, or direct 
injury to the central ventilatory drive; (2) high minute 
ventilation requirements due to an excessive VCO, (sepsis, 
excessive carbohydrate intake, or fever), a high VD/VT ratio, 
or both; and (3) respiratory muscle weakness caused by 
malnutritien, neuromuscular disorders, hypomagnesemia, 
hypophosphatemia, hypokalemia, or use of neuromuscular 
blocking agents.” 

Extrinsic factors that adversely affect weaning are gener- 
ally related to equipment and include the following: (1) inap- 
propriate ventilator settings (peak flow rate or trigger sensi- 
tivity); (2) inappropriate ventilator setup (poorly conceived 
IMV systems, demand valve systems with a high inspiratory 
resistance, or expiratory valves with excessive expiratory 
resistance); and (3) inappropriately sized endotracheal tubes 
(if they are too small, they cause increased resistive work 
during spontaneous breathing).”” All these extrinsic factors 
cause an increase in the work of breathing and may perpetu- 
ate respiratory muscle fatigue. Ventilator settings and sys- 
tems should be optimized before attempts at weaning are 
made. 

We describe 15 patients who responded to repeated at- 
tempts at reducing the IMV rates with tachypnea and diapho- 
resis. No patient showed evidence of excessive VCO, , hemo- 
dynamic, or electrolyte disorders. All patients had a normal, 
intact ventilatory drive, and none were receiving excessive 
amounts of narcotics for pain. The derangement in gas ex- 
change following chest trauma can be attributed to the under- 
lying pulmenary contusion resulting in decreased compliance, 
increased airway resistance, and ventilation or perfusion ab- 
normalities. The use of positive end-expiratory pressure to 
maintain fanctional residual capacity and recruit collapsed 
alveoli is the preferred treatment. Painful rib fractures can 
cause patients to splint the chest wall, breathe shallowly, and 
suppress ceughing, which results in retained secretions and 
atelectasis. The injuries of these patients were 11/2 to 2 weeks 
old, and oxygenation was easily maintained with low levels of 
positive end-expiratory pressure and an F10, of 0.40 to 0.45. 
Pain contrel was provided to all patients in an effort to im- 


Arch Surg—Vol 124, September 1989 


Paco, (39) (36) (37) (39) (37) (39) (36) (39) (40) (40) (38) 


o Oo 
o o——o0o—o 
e-4 
‘ ‘ 
+ i 


L/min 


f, Breaths per Minute 


+ 


` on 
oig oo a 
özi 





1 3 5 a Sie 3 Vi ae 413 y 15 
PSV, 8 cm H,O PSV, Off 
PSV, 5 cm H,O 
Extubated 
Days 


Fig 2.—Graph depicting the course in a single patient. On days 7 
through 9, there is a progressive rise in respiratory rate and a decrease 
in tidal volume, which was corrected by the addition of 8 cm H,O 
pressure support ventilation (PSV) on day 10. Ventilation rate is 
indicated by solid circles connected by solid lines; spontaneous rate, 
solid circles connected by dashed lines; minute ventilation, open 
circles connected by solid lines; and spontaneous tidal volume, open 
circles connected by dashed lines. The Paco, is measured in millime- 
ters of mercury. The f indicates respiratory frequency. 


prove respiratory function without causing respiratory de- 
pression. These patients were characterized by limitations in 
ventilatory reserve, presumably due to respiratory fatigue. 
Figure 2 shows the typical course of one of these patients. As 
the IMV rate is reduced to a point, the spontaneous rate 
increases appropriately. After a plateau has been reached for 
several days, respiratory frequency rises rapidly as VT falls. 
The result is an increase in total VE and, thus, respiratory 
work to maintain a normal Paco, level. Cohen et al” regard 
this type of response as an important sign of respiratory 
muscle fatigue. 

The relationship of respiratory muscle fatigue to respira- 
tory failure and weaning is a topic of intense investigation. 
Several investigators point to the importance of resting and 
reconditioning the diaphragm after certain cases of respira- 
tory failure.” Others maintain that complete rest may not be 
necessary and may be detrimental.” A complete review of this 
topic is beyond the scope of this article, but it should be 
mentioned that considerable controversy exists regarding its 
clinical importance, diagnosis, and treatment. 

MacIntyre’ has suggested that PSV can change both the 
quality and quantity of the work of breathing performed by 
the patient. He compared PSV to synchronous IMV in 15 
“stable” patients and concluded that PSV improved patient 
comfort and reduced ventilatory work. In this study, howev- 
er, he used PSV,,,,, which is a pressure support set to deliver 
Vts of 10 to 12 mL/kg, simulating assisted mechanical ventila- 
tion. Prakash and Meij’ have used PSV in weaning patients 
from ventilatory support after cardiopulmonary bypass. 
They compared PSV to assisted mechanical! ventilation and 
found patients were weaned faster in the PSV mode. This 
study also uses PSV max and fails to show any other advan- 
tages of PSV. Additionally, the description of how patients 
were weaned in the assisted ventilation group is unelear. 
Brochard et al‘ recently showed that PSV at 10 em H,O 
resulted in a reduced RR, increased VT, and increased trans- 
diaphragmatic pressure when compared with spontaneous 
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breathing on a continuous-flow system. The pressure-time 
index of the diaphragm also decreased, suggesting a reduced 
amount of work was performed. Kanak and colleagues’ re- 
ported a fall of 27% in the Vo, in one patient following 
application of PSV, although they calculated the Vo, from the 
thermodilution cardiac output and arterial or mixed venous 
blood gas measurements. This method of Vo, measurement is 
variable and subjeet to error nearly as large as the reported 
change.” Our use of PSV has been directed at improving 
ventilatory mechanics with the least possible pressure. Oth- 
ers have suggested that “low levels” of PSV may be used to 
overcome inspiratery resistance caused by slow operating 
demand valves, ventilator circuitry, and endotracheal 
tubes." 

In Fig 2, the response of a patient with tachypnea to 8 cm 
H,O of PSV is shown. The pressure “augments” the patient’s 
own inspiratory effort normalizing VT, resulting in a fall in 
RR. We believe low levels of PSV allow the patient to contin- 
ue to use respiratory muscles without resulting in fatigue. 
The amount of patient work can be increased (decreasing 
PSV) or decreased (increasing PSV), depending on the clini- 
cal situation. The increase in VT also corrects the VD/VT ratio 
and allows for a lower VE for the same Paco, level. We found 
no change in total-body Vo, and think that perhaps changes in 
the work of breathing may not be easily detected by change in 
the Vo, except in the most severe cases. It may be that the 
distribution of Vo, may change (with less being used by the 
respiratory muscles), but this cannot be measured clinically. 

Since each spontaneous breath that was at a negative pres- 
sure is positive during PSV, mean airway pressure is in- 
creased. At low levels, however, we have not seen hemody- 
namic compromise due to this increase. 

Our current method of weaning has basically remained 
unchanged. This group of patients represents a small percent- 
age (approximately 5%) of patients who could not be weaned 
successfully with IMV and continuous positive airway pres- 
sure. In this situation, where respiratory muscle fatigue may 
be the cause of weaning failure, the use of low-rate IMV is 
contraindicated. Without supporting the patient’s ventila- 
tory needs, continued ventilatory support with IMV may 
create a state of chronic fatigue and repeated weaning fail- 
ures. These patients tended to be elderly and all had had blunt 
trauma to the chest. Instability of the chest wall, splinting, 
and pain may have attributed to the tachypnea and weaning 
failures. When possible, the use of epidural analgesia to re- 
duce the pain associated with rib fractures was accomplished. 
This avoids extensive use of narcotics, which may suppress 
respirations in this elderly group of patients. 

We reeommend that low levels of PSV be used on patients 
with flail chest and pulmonary contusion who fail to wean 
using conventiona! techniques, when they remain tachypneic 
(RR, >30 breaths per minute), have inadequate VTs (<2 
mL/kg), and have an intact ventilatory drive. Optimal PSV is 
yet to be determined. Our approach is to correct respiratory 
mechanics without compromising hemodynamics or oxyge- 
nation. 
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Invited Commentary 


Hurst and colleagues describe the use of pressure support as a 
means of improving VT during ventilator weaning. Surgeons who 
do no« work in the intensive care unit every day may think that the 
ever-ehanging, ever-growing list of acronyms describing various 
modes of mechanical ventilation has left them behind.. When a 
young respiratory therapist suggests using IMV pressure sup- 
port rather than volume-controlled air conduction, the tendency is 
to agree and acquiesce, rather than question the terminology let 
alone the physiology. An older surgeon might not have learned a 
new acronym since [PPB —intermittent positive pressure breath- 
ing. Vell, good news. Pressure support—the new hot stuff in 
ventilator management—is IPPB. What goes around comes 
around. 

Pressure support ventilation was recently introduced by some 
ventiator manufacturers to supply a high flow of gas in response 
to a patient-initiated inspiratory effort. This was stimulated in 
part by patient exhaustion problems associated with IMV when 
low-flow demand valves are used to supply gas during spontane- 
ous breaths. Pressure support ventilation, therefore, is the same 
as IPPB as practiced in the “old days.” It should not be surprising 
that this mode of ventilation provides a better VT during inspira- 
tion zhan conventional low-flow IMV, as nicely shown in the 
article by Hurst et al. 

There are many aspects to the management of respiratory 
failur2 that are more important than variations in airway pres- 
sure. These are beautifully described in the “Patients and Meth- 
ods” section. Careful measurement of pulmonary mechanics and 
gas exchange; decisions based on these measurements following a 
reasonable algorithm; attention to oxygen kinetics, oxygen con- 
sumption, and carbon dioxide production; relationships between 
nutri-ion and ventilation; attention to effort and endurance on the 
part of the patient; and attention to the effect of intrathoracic 
pressure on effective blood volume and hemodynamics are all 
examples of a sophisticated approach to respiratory care that are 
emphasized in this article. 


ROBERT H. BARTLETT, MD 
Ann Arbor, Mich 
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Effect of Dichloroacetate on Plasma 
and Hepatic Amino Acids in Sterile 


Inflammation and Sepsis 


Thomas C. Vary, PhD; John H. Siegel, MD; Robert Placko; Ben D. Tall, PhD; J. Glenn Morris, MD 


e The effect of sterile inflammation and chronic sepsis on the 
plasma and hepatic free amino acid concentrations was 
determined. Relative to control animals, only minor alterations 
in the plasma amino acid concentrations were observed in 
sterile inflammation and sepsis. In liver, concentrations of 
alanine, serine, threonine, asparagine, proline, and glycine 
were significantly increased to the same extent in sterile 
inflammation and sepsis, while hepatic glutamine concentra- 
tions were significantly decreased. Compared with sterile 
inflammation, the branched-chain amino acid concentrations 
were depressed in the liver of septic animals. Following 
administration of dichloroacetate, hepatic alanine concentra- 
tions were significantly reduced more than threefold in each 
of the conditions examined; in contrast, significant increases 
in hepatic concentrations of threonine, glycine, glutamine, 
glutamate, histidine, and proline were observed. Also follow- 
ing administration of dichloroacetate, the branched-chain 
amino acid concentrations were all significantly elevated in 
each of the conditions examined, and plasma alanine concen- 
trations were significantly decreased, while those of glutamine 
and glycine were significantly increased. These results dem- 
onstrate that there is a disassociation between the plasma 
and hepatic concentration of free amino acids in sterile 
inflammation and sepsis. Furthermore, the results demon- 
strate that some of the alterations in hepatic amino acid 
metabolism may be reversed pharmacologically by dichloro- 
acetate. 
(Arch Surg. 1989;124:1071-1077) 


ne of the earliest recognizable metabolic disturbances 
following severe trauma is a negative nitrogen bal- 
ance.’ With trauma, this catabolic phase is short-lived and 
is followed by a restoration of normal nitrogen balance and 
lean body mass. However, when trauma is complicated by 
concurrent infection, the catabolic phase continues una- 
bated. The catabolic phase is characterized by an acceler- 
ated release of amino acids into the plasma from skeletal 
muscle and an increased uptake and utilization of amino 
acids by the liver.2* Amino acids taken up by the liver can 
be utilized for protein synthesis, gluconeogenesis, or oxi- 
dation. The latter two pathways for amino acid utilization 
result in increased urea synthesis and excretion, a char- 
acteristic feature of sepsis.*° Therefore, the concentration 
of amino acids in the plasma represents the balance 
between amino acid mobilization from protein stores in 
skeletal muscle and utilization in the liver. 
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Because of the interrelationships that exist between 
amino acid and glucose metabolism, sepsis alse has pro- 
found effects on carbohydrate metabolism. In particular, 
sepsis enhances gluconeogenesis.*"! The increased rate of 
glucose appearance may be maintained in part by the 
alanine and Cori cycles.'*"* In a previous report," dichlo- 
roacetate diminished the rate of glucose appearance in 
septic rats to values observed in control animals. The effect 
of dichloroacetate on glucose production appears to be 
secondary to an activation of the pyruvate dehydrogenase 
complex in peripheral tissues.'*"” Increased pyruvate oxi- 
dation following activation of the pyruvate dehydrogenase 
complex decreased the concentrations of lactate, pyruvate, 
and alanine in skeletal muscle of septic animals.‘ How- 
ever, an increased proportion of active pyruvate dehydroge- 
nase complex could not account for all the changes in the 
concentration of amino acids in skeletal muscle following 
administration of dichloroacetate.'* In particular, evidence 
presented elsewhere suggested that dichloroacetate may 
modulate amino acid metabolism by a shift in protein 
turnover., 179 

Since our previous studies demonstrated profound 
changes in the amino acid concentration in septic skeletal 
muscle, we were interested to determine whether these 
same changes in the free amino acid concentrations were 
also observed in the plasma and liver. Furthermore, since 
dichloroacetate was able to reverse the alterations in 
skeletal muscle amino acids in sepsis, the effect of dichlo- 
roacetate on plasma and liver amino acid concentrations in 
sterile inflammation and chronic sepsis (7 days) was deter- 
mined. By examining the amino acid profiles in plasma and 
liver, the cellular alterations in specific organ systems 
associated with sterile inflammation and sepsis could be 
better defined. 


EXPERIMENTAL PROCEDURES 
Animals 


Male Sprague-Dawley rats (250 to 300 g) were obtained from 
Charles River Breeding Laboratories (Wilmington, Mass) and 
were maintained on a 12-hour-light/12-hour-dark cycle, with rat 
chow (Purina, St Louis, Mo} and water ad libitum. Chronic sepsis 
was induced by the creation of a stable intra-abdominal abscess of 
known bacterial composition and inoculum size, as described 
previously. 1415.20-22 


Bacterial Preparation 


A stock culture of Escherichia coli strain STU-1 (serogroup 018 
ac) stored frozen at —70°C in trypticase soy broth with 15% 
glycerol was thawed and inoculated onto an eosin—methylene blue 
agar plate 2 days prior to animal surgery. After an overnight 
incubation at 37°C, 20 to 30 typical Æ coli colonies, which 
agglutinated with specific 018 ac specific antisera, were picked 
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and inoculated into 80 mL of trypticase soy broth. The culture 
was then incubated, statically, at 37°C for 18 to:24 hours. Bacteria 
were harvested by centrifugation at 10 000g for 10 minutes at 4°C. 
The resulting cell pellet was washed twice with physiologic saline 
and resuspended to give an optical density of 0.095 at 660 nm. The 
resulting suspension was then diluted in physiologic saline to 
obtain the desired cencentration of bacteria. Microscopic exami- 
nation and slide agglutination with Æ coli 018 ac antisera were 
performed prior to use, and replicate spread-plate quantitative 
cultures using sterile saline as diluent and trypticase soy agar 
plates were made of the inoculum to confirm viability and inoculum 
size. 

A stock culture of 8aeteroides fragilis (American Type Culture 
Collection No. 23745) stored frozen at — 70°C in Schaedler broth 
with 20% glycerol was thawed and inoculated into 80 mL of 
prereduced Schaedler broth. The bacterial suspension was then 
incubated anaerobically and statically for 48 hours at 37°C in a 
nonvented anaerobic chamber. Bacteria were harvested by cen- 
trifugation at 10000g¢ for 10 minutes at 4°C. The cells were then 
resuspended with prereduced Schaedler broth te an optical density 
of 0.70 at 660 nm. Bacteria viability and inoculum size were 
confirmed by replicate spread-plate quantitative culturing using 
prereduced Schaedler broth as diluent and trypticase soy agar 
plates containing 5% sheep’s bload. 


Preparation of Fecal Pellet 


Fresh rat feces were eollected, dried, and powdered. A 1.3-mL 
mixture of powdered feces (347 mg), trypticase soy agar (41.6 mg), 
and distilled water (1.17 mL) was placed in a mold made from a 
plastic syringe and sterilized by autoclaving at 121°C for 20 
minutes. The fecal-agar mixture was allowed to cool to 50°C before 
0.1 mL of the live E coli suspension containing 10° colony-forming 
units/mL and 0.1 mL of live B fragilis suspension containing 10° 
colony-forming units/mL were added. In the sterile pellet, the 
bacterial suspension was replaced by 0.2 mL of sterile saline. 
Some of the sterile pellets were inoculated inte a broth and 
incubated at 37°C for 24 to 48 hours to confirm that no bacterial 
growth had occurred. 


Animal Preparations 


While they were under anesthesia with a combination of keta- 
mine hydrochloride (110 mg/kg) and acepromazine maleate 
(1 mg/kg), a 1.5-em lower-midline incision was made in 24-hour- 
fasted rats. The fecal-agar pellet was introdueed into the lower 
abdominal cavity, followed by clesure of the abdomen and skin. 
Control animals were fasted for 24 hours, but no laparotomy was 
performed. Following recovery from the surgical procedures, all 
animals were allowed free access to laboratory rat chow and water, 
and the intra-abdominal abscess was allowed to form for 7 days. 
All deaths in septic animals occurred within the first 48 hours 
(generally within 24 hours) after introduction of the bacteria 
contaminated pellet. By 48 hours after surgery, control sterile 
inflammatory and surviving septic animals all consumed the same 
daily amount of food until the time of tissue sampling at 7 days 
(Table 1). However, skeletal muscle protein synthesis was 
shown to be decreased in sepsis eompared with control or sterile 
inflammation even though there were no differences in food 
intake.“ All animals that survived the peritonitis stage (100% of 
sterile-abscess animals; 65% of septic-abscess animals 48 hours 
after inoculation) formed an intra-abdominal abscess and survived 
the abscess stage to tissue sampling. 

Seven days following the introduction of the fecal-agar pellet, 
each group of animals was subdivided into these that received 
sodium dichloroacetate and these that did not. Sodium dichloro- 
acetate (100 pmol/100 g of body weight) was injected intraperito- 
neally, which was repeated after 30 and 60 minutes.'*" Following 
the last injection, rats were anesthetized with pentobarbital 
(Nembutal) sodium and placed en a surgical board. After the 
abdomen was opened, a portion of the right liver lobe was frozen 
in situ with tissue clamps precooled to the temperature of liquid 
nitrogen. A blood sample from the vena cava was withdrawn for 
amino acid analysis and for bacterial culture. Blood culture results 
were negative in all control and sterile inflammatory animals, 
while septic animals possessed blood culture results that were 
positive for the inoculated organisms. The intra-abdominal abscess 
was separated from zhe intestines and its size measured. The 
abscess fluid was cultured to verify the formation of the appropri- 
ate abscess model. 
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ble 1.—Average Food Consumptions of Rat Chow* 







Sterile 
Control inflammation Septict 
Day (n=6) (n=2) (n=6) 
Operative (fasted) 0 0 0 





+1 





*The amount of food in cages containing 4 to 6 rats was weighed daily. 
The amount of food eaten divided by the number of animals in each cage 
was used to give values listed above (grams per rat per day). Note that by 
the third postoperative day until the seventh postoperative day, the average 
food consumption in each group over these 5 days was not substantially 
different from the others. 

tValues given are for animals surviving 7 days until tissue sampling. 


Tissue Analysis 


The total tissue content of free amino acids was determined in 
the frozen livers by homogenization in five volumes of 5% (wt/vol) 
sulfosalicylic acid. The concentration of amino acids in plasma was 
determined using supernatants from sulfosalicylic acid extracts 
(15 mg/0.5 mL). The supernatants of all extracts were pH-adjusted 
with lithium hydroxide. Amino acid analyses were performed on 
an amino acid analyzer (Beckman System 6300, Smith-Kline- 
Beckman Instruments, Fullerton, Calif). The intracellular concen- 
tration of each amino acid was calculated as the difference between 
the total tissue amino acid content and extracellular space amino 
acid content. Extracellular spaces were measured by a constant 
infusion of carbon 14-inulin as described previously. The concen- 
tration ef amino acid present in the extracellular space was 
assumed to be the same as that measured in rat plasma in each of 
the conditions examined. Total tissue water content was deter- 
mined by weighing a portion of powdered tissue before and after 
drying in an oven. 


Statistical Analysis 


The experimental data fer each animal group are summarized 
as means + SEs (for 5 to 19 rats). Statistical evaluation of the data 
was performed using analysis of variance (ANOVA) to test for 
overall differences among groups followed by modified Student’s t 
test to determine significance between means, only when a 
significant difference (P<.05) was determined by ANOVA.” 


RESULTS 
Plasma 


The effects of sterile inflammation and sepsis on plasma 
amino acid concentrations are shown in Table 2. Relative 
to control animals, only small differences in the plasma 
amino acid concentrations were observed in sterile inflam- 
mation and sepsis. Plasma glutamate concentrations were 
significantly reduced in both sterile inflammation (P<.05) 
and sepsis (P<.005) (Fig 1). Plasma arginine (P<.005) and 
proline (P<.05) concentrations were lower in septic animals 
compared with controls. There were no significant in- 
creases in the plasma branched-chain amino acid or aro- 
matic amino acid concentrations. These observations in our 
septic rat model are consistent with those in studies of 
trauma patients with or without concurrent infection, 
receiving 5% dextrose as nutritional support, where only 
minor alterations in amino acid concentrations were 
noted.?5 

Control and Dichloroacetate.—Dichloroacetate has 
been shown to lower plasma alanine concentration in fed 
control rats.!+15 Our results (Fig 1) confirmed this obser- 
vation, showing that plasma alanine concentrations from 
control animals were significantly reduced (P<.001) three- 
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| Table 2.—Plasma Amino Acid Concentrations* 







Sterile Septic 
Control Inflammation Abscess 
— a eA ee em, 


-DCA 
(n=6) 


+DCA 
(n=6) 






















Alanine 495+30 153+23ł 524 +60 203 + 28t 487 +21 25 + 39§ 
Glutamine 562+ 14 714+32t 557+38 659 + 22 561+13 695 + 49|| 
Glutamate 104+9 120+7 87+6 229 + 35t9 76+3 187 +289 
Valine 185+10 143+7# 188+13 180+9 178+17 17€+18 
Isoleucine 81+4 60+3# 82+5 73+7 76+5 72+6 
Leucine 156+11 118+8# 156+10 162+ 7%* 161+11 149+ 12** 
Tyrosine 70+4 72+3 66+7 64+6 69+3 7C+7 
Phenylalanine 67+5 67+3 76+5 71+6 70+3 6£+3 
Aspartate 20+2 17+1 14+2 42+ 1049 2i t1 6C + 89§ 
Serine 228+13 189+9 203 + 10 209+15 220+ 11 22C +11 
Threonine 220+ 19 226+9 217+14 232+19 179+6 287+ 17§ 
Asparagine 102+14 40+ 2t 88+9 42+4t 69 +2# e+3|| 
Proline 194+17 120+6t 182+ 24 154+ 16** 161+5 16€ + 14** 
Glycine 307+10 412+24# 302 + 28 415+42tt 336+6 49> +65§ 





Histidine 


Arginine 169+21 140+8 179+18 104+ 30tt 163+14 10C + 25]| 


Methionine 55+9 38+1 49+5 33+3 47+4 35+2 
426 +27 331 +20 478+25 418+30 459+18 407 +48 


* — DCA indicates group not administered dichloroacetate; + DCA, group administered dichloroacetate. Values are mean + SE micromoles periter. 
tP<.001 vs — DCA control. 

+P<.005 vs — DCA sterile inflammation. 

§P<.005 vs — DCA septic abscess. 

|P<.05 vs —DCA septic abscess. 

§P<.005 vs + DCA control. 

#P<.05 vs —DCA control. 

**P< 05 vs +DCA control. 

ttP<.05 vs — DCA sterile inflammation. 





Lysine 


fold following administration of dichloroacetate. While the 
effect of dichioroacetate on plasma alanine concentrations 
in control animals is well documented, the effect of dichlo- 
roacetate on the other plasma amino acids is less clear. In 
addition to decreasing plasma alanine concentrations, di- 
chloroacetate also significantly reduced plasma asparagine 
(P<.001) and proline (P<.001) concentrations, while 


were not significantly altered by dichloroacetate 

Sterile Inflammatory Abscess and Dichloroacetate. — 
A similar effect of dichloroacetate on plasma amino acid 
concentrations was observed in sterile inflammation. 
Plasma alanine concentrations (Fig 1) were decreased 2.5- 
fold (P<.001) following administration of dichloroacetate. 
Asparagine (P<.005) and arginine (P<.05) concentrations 


plasma glutamine (P<.001) (Fig 1) and glycine (P<.001) 
concentrations were significantly increased (Table 2). The 
plasma concentrations of individual branched-chain amino 
acids in control animals (valine, isoleucine, and leucine) 
were all significantly reduced (Fig 2) following administra- 
tion of dichloroacetate. The concentrations of the other 
amino acids, including the aromatic amine acids (Fig 3), 


Fig 1.—Effect of dichloroacetate on plasma (top) and liver (bottom) 
alanine and glutamine concentrations. Blood and liver samples 
were obtained in control animals (C), rats with sterile inflammation 
(I), and rats with long-term (7-day) sepsis (S). The concentration 
of free amino acids was determined in sulfosalicylic acid extracts 
using an amino acid analyzer. The intracellular liver concentration 
was calculated using values for extracellular space, as described 
previously.'® Black bars represent animals that did not receive 
dichloroacetate; hatched bars, animals that were injected with 
sodium dichloroacetate (300 wmol/100 g of body weight), as 
described in the “Experimental Procedures” section. Values shown 
are mean + SE for 6 to 14 animals in each group. Single asterisk 
indicates P< .005 (plasma alanine) and P<.001 (plasma glutamine) 
vs no dichloroacetate, and P<.005 (liver alanine and glutamine) 
vs controls not receiving dichloroacetate; double asterisk, P<.05 
vs no dichloroacetate (plasma glutamine), P<.05 vs controls 
receiving no dichloroacetate (liver alanine), and P.<.001 vs sterile 
inflammation or septic abscess without dichloroacetate (liver glu- 
tamine); triple asterisk, P<.001 vs sterile inflammation or septic 
abscess without dichloroacetate (liver alanine). 


Plasma Amino Acid 
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Plasma Branched-Chain 
Amino Acid Concentration 


Liver Branched-Chain 
Amino Acid Concentration, 
mol/L of Intracellular Water 

ALLL 


ta 


Fig 2.—Effect of dichloroacetate on plasma (top) and liver (bottom) 
branched-chain amino acid concentrations. Blood and liver sam- 
ples were obtained from contro! animals (C), rats with sterile 
inflammation (I), and septic animals (S) and analyzed for amino 
acids as described in Fig 1. Black bars represent animals that did 
not receive dichloroacetate; hatched bars, animals that were 
injected with sodium dichloroacetate (300 ymol/100 g of body 
weight) as described in the “Experimental Procedures” section. 
Values shown are mean +SE for 6 to 14 animals in each group. 
Single asterisk indicates P<.05 (plasma valine, plasma and liver 
isoleucine) and P<.005 (liver valine) vs controls not receiving 
dichloroacetate, and P<.05 vs no dichloroacetate (liver leucine); 
double asterisk, P<.005 vs no dichloroacetate (liver valiine), 
P<.001 vs sterile inflammation or septic abscess without dichlo- 
roacetate (liver isoleucine), and P<.05 vs sterile inflammation 
without dichloroacetate (liver leucine). 


were also significantly decreased, while glycine concentra- 
tions were significantly increased (P<.05). Unlike control 
animals, the plasma aspartate (P<.005) and glutamate 
(P<.001) concentrations were significantly increased, glu- 
tamine concentrations were elevated in sterile inflamma- 
tory animals (however, the increases did not reach signifi- 
cance [Fig 1]), and the plasma branched-chain amino acid 
concentrations were not reduced (Fig 2). 

Septic Abscess and Dichloroacetate.—The amino acid 
concentrations following administration of dichloroacetate 
in animals with a large intra-abdominal septic abscess were 
comparable with changes observed with either sterile 
inflammation or in controls. The most characteristic feature 
of the administration of dichloroacetate (Fig 1) was a 
twofold decrease in plasma alanine concentrations 
(P<.001). In addition, as was observed in control animals, 
dichloroacetate significantly reduced plasma arginine 
(P<.05) and asparagine concentrations (P<.001), while 
plasma glutamate (P<.001), glutamine (P<.05) (Fig 1), 
and glycine (P<.005) concentrations were significantly 
increased (Table 2). In addition, plasma aspartate (P<.001) 
and threonine (P<.005) concentrations were increased in 
septic animals, and both aspartate (P<.005) and threonine 
(P<.005) concentrations were significantly elevated in 
septic animals compared with control animals. As was 
observed in sterile inflammation, the plasma concentra- 
tions of the branched-chain amino acids were not reduced 
following the administration of dichloroacetate (Fig 2). 
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Fig 3. — Effect of dichloroacetate on plasma (top) and liver (bottom) 
phenylalanine and tyrosine concentrations. Blood and liver sam- 
ples were obtained from control rats (C), rats with sterile inflam- 
mation (l), and septic animals (S) and analyzed for amino acids as 
described in Fig 1. Black bars represent animals that did not 
receive dichloroacetate; hatched bars, animals that were injected 
with sodium dichloroacetate (300 mol/100 g of body weight) as 
described in the “Experimental Procedures” section. Values shown 
are mean + SE for 6 to 14 animals in each group. Single asterisk 
indicates P<.005 vs controls not receiving dichloroacetate (liver 
phenylalanine) and P<.05 vs septic abscess without dichloroace- 
tate (liver tyrosine); double asterisk, P<.001 vs septic abscess 
without dichloroacetate (liver phenylalanine). 


Liver 


The intracellular free amino acid concentrations in liver 
in control, sterile inflammation, and sepsis are shown in 
Table 2. Unlike plasma amino acids, there were numerous 
significant differences in the intracellular amino acid pro- 
files in livers from sterile inflammatory and septic animals 
compared with control animals. In general, the gluconeo- 
genic amino acid concentrations were elevated in livers in 
both sterile inflammation and sepsis compared with control 
animals. In livers from animals with sterile inflammation 
and sepsis, the intracellular concentrations of alanine (Fig 
1), serine, threonine, asparagine, proline, and glycine 
(Table 3) were significantly increased relative to control 
animals. The amino acid concentrations were increased to 
the same extent in sterile inflammation and sepsis relative 
to control animals. While all of these amino acid concentra- 
tions were increased, sterile inflammation and sepsis were 
associated with a significant decrease in hepatic glutamine 
concentrations (Fig 1) (P<.005), while glutamate concen- 
trations were unaltered compared with control. Despite 
these changes in gluconeogenic amino acid concentrations, 
there were no significant alterations in the hepatic concen- 
tration of the aromatic amino acids (phenylalanine and 
tyrosine) in sterile inflammation and sepsis compared with 
control (Fig 3). In livers from rats with sterile inflamma- 
tion, the concentrations of the branched-chain amino acids 
(leucine, isoleucine, and valine) were not altered compared 
with control animals (Fig 2). However, while leucine and 
isoleucine concentrations in livers from septic animals were 
unaltered relative to control, the intracellular valine con- 
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Table 3.—Liver Irtracellular Amino Acid Concentrations* 


Sterile 


Inflammation 
—————————— 


-DCA +DCA 
(n=13) (n=5) 


Glutamine 8255 + 540 9304 + 607 5927 + 358 12313 +979§ 6129 + 478t 11115+ 746|| i 
i 
Valine 200 + 25 346 + 38t 174+12 464+ 36§ 105+ 199 444 + 48) À 
Isoleucine 79+10 127+9f 85+7 174+17§ 71+13 178 + 24) d 


Leucine 149+14 223 + 25T 182+10 294+ 17§ 144+ 204 262 + 24) 


Tyrosine 46+6 63+13 50+13 65+ 10 36+8 85+ 10# 


Aspartate 1824+ 199 1461 +84 2029 + 255 1214+179 2095 +310 1487 + 200 ' 
| 

Asparagine 100+16 139+30 183+ 15f 93+ 14§ 192+11f 119+ 19# 

Glycine 2428 +112 7668 + 6574 3100+ 170T 6342 + 196§ 3258 + 205t 7143 + 302| 

Histidine 746 +24 911+51t 867 + 34 1151+49§ 797 +35 1211+ 87} ' 

Arginine 59+7 76+12 43+14 77+23 64+13 115+16 

Lysine 823 + 96 1260 + 206 820 + 27 1127+136 580+ 51 1126+71 

Methionine 70+12 83+7 51+8 63+6 55+13 76+6 


Control 





*— DCA indicates group not administered dichloracetate; + DCA, group administered dichloroacetate. Values are mean + SE micromoles per liter. 
tP<.05 vs —DCA control. 

+P<.005 vs — DCA control. 

§P<.001 vs — DCA sterile inflammation. 
|P<.001 vs — DCA septic abscess. 
{P<.05 vs — DCA sterile inflammation. 
#P<.05 vs —DCA septic abscess. 


centration was significantly reduced by 50% compared 
with control animals (P<.005) or those with sterile inflam- 
mation (P<.05), and leucine eoncentration was signifi- 
cantly decreased relative to rats with sterile inflammation 
(P<.05) (Fig 2). 

Control and Dichloroacetate.—In control animals, di- 
chloroacetate significantly redueed hepatic alanine eoncen- 
trations threefold (P<.001) (Fig 1). In contrast to the 
reduction in alanine concentrations, the hepatic concentra- 
tions of glutamate (P<.01), threonine (P<.005), proline 
(P<.005), glycine (P<.001), and histidine (P<.005) were 
all significantly increased following intraperitoneal injec- 
tion of dichloroacetate (Table 3). While both tyros:ne and 
phenylalanine concentrations tended to be higher, only 
phenylalanine was significantly increased (P<.005) (Fig 
3). The concentrations of the branched-chain amino acids 
were significantly elevated 50% following administration 
of dichloroacetate (Fig 2). 

Sterile Inflammatory Abscess and Dichloroacetate. — 
A similar pattern of changes in the hepatic amino acid 
concentrations was observed in livers exhibiting sterile 
inflammation following administration of dichloroacetate. 
Hepatic alanine concentrations were significantly reduced 
sevenfold (P<.001) (Fig 1). Injection of dichloroacetate 
lowered the hepatic alanine concentration to levels ob- 
served in control animals treated with dichloroacetate (Fig 
1). In addition to the reduction in alanine concentrations 
(Table 3), administration of dichloroacetate significantly 
lowered asparagine (P<.005) concentrations. In contrast 
to these amino acids, there was a twofold increase in 
concentrations of both glutamate (P<.001) (Table 3) and 
glutamine (P<.001) (Fig 1). In addition, glycine (P<.005), 
proline (P<.001), and histidine (P<.001) concentrations 
were elevated. As was observed in livers from control 
animals, the concentrations of the branched-chain amino 
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acids were elevated following administration of dichloroa- 
cetate (Fig 2). Valine concentrations were increased almost 
twofold (P<.001), while smaller but significant increases 
in isoleucine (P<.001) and leucine (P<.001) concentrations 
were observed. The concentration of the aromatic amino 
acids was not significantly altered (Fig 3). 

Septic Abscess and Dichloroacetate.—The pattern of 
changes in amino acid concentration in livers from septic 
animals following administration of dichloroacetate was 
similar to that observed in those with sterile inflammation 
(Fig 1). As was observed in both contro! rats and those 
with sterile inflammation, the most dramatic effect of 
dichloroacetate on the intracellular amino acid profile was 
a sevenfold decrease in the hepatic alanine concentration 
(P<.001). In addition to the changes in alanine concentra- 
tion, decreased asparagine (P<.05) concentrations were 
observed in livers from septic animals following adminis- 
tration of dichloroacetate (Table 3). Significant increases 
in hepatic concentrations in threonine (P<.001), glutamate 
(P<.01), glutamine (P<.001) (Fig 1), glycine (P<.001), 
histidine (P<.001), and proline (P<.05) were observed. 
The branched-chain amino acid concentrations were all 
significantly (P<.001) elevated in livers from septie ani- 
mals following intraperitoneal injection of dichloroacetate, 
with the biggest increase in valine concentrations (fourfold) 
(Fig 2). However, in contrast to that observed in livers 
from control animals and those with sterile inflammation, 
the concentrations of both tyrosine and phenylalanine were 
both significantly increased following administration of 
dichloroacetate in septic animals (Fig 3). 


COMMENT 


It is certainly true that while these septic rats had a 
large (8% to 5% of body weight) biclonal Æ coli and 
B fragilis intra-abdominal abscess, they were not as sick 
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as the critically ill septic patients previously described,?* 
in that they were able to eat and did not require total 
parenteral nutrition, mechanical ventilation, or cardiac 
inotropic support. Also, none of these animals showed 
signs of the late oxidative failure state of sepsis (B 
state),*"*4 but were rather in the hyperdynamic, hyper- 
metabolic A state of compensated sepsis.**! Nevertheless, 
they met all of the criteria of a large, severe, controlled 
septic process (equivalent to a 3000- to 5000-mL abscess) 
seen in a 100-kg man with fever, leucocytosis, weight loss 
in spite of normal food intake, proteolysis, and inhibition 
of protein synthesis.” Therefore, with all of the caveats 
relevant to species differences, this model appears appro- 
priate for the study of severe chronic metabolic sepsis in 
the fed condition. 

There are numerous reports in the literature of abnormal 
patterns of plasma amino acid concentrations in septic 
patients.**+“° The degree to which the eoncentrations of 
plasma amino acids are altered is dependent on several 
factors, including the severity of the septic insult, other 
complications such as cirrhosis, and the provision of exog- 
enous amino acids as part of nutritional support.*”** In 
the present study, relatively minor changes in the concen- 
tration of amino acids were observed in septic animals. 
These alterations are consistent with effects of sepsis on 
plasma amino acid concentrations in humans receiving only 
dextrose as nutritional support.?*° 

Despite these minor effects of sepsis on amino acid 
concentrations in plasma, there were notable alterations 
in the intracellular concentration of free amino acids in 
livers in both sterile inflammation and sepsis. Further- 
more, the changes in the hepatic amino acid concentrations 
in animals with sterile inflammation and sepsis were 
qualitatively and quantitatively different from what was 
previously reported in skeletal muscle." 

In septic patients and animals, the skeletal muscle 
alanine concentrations are significantly increased.?414 The 
observed increase in skeletal muscle alanine concentration 
in septic animals is consistent with our hypothesis that a 
reduced pyruvate oxidation secondary to an inhibition of 
skeletal muscle dehydrogenase activity during sepsis 
would lead to an increased transamination of pyruvate to 
alanine. In contrast to skeletal muscle, hepatic alanine 
concentrations were greatly increased in both sterile in- 
flammation and sepsis compared with control animals. 
Despite these changes in both skeletal muscle and liver, 
the plasma alanine concentration was not altered in any of 
the conditions examined. While this lack of hyperalanine- 
mia is different from that reported in critically ill septic 
patients, all of these patients were also receiving total 
parenteral nutrition with large amounts of administered 
alanine.*’ 

Since the liver is involved in both lactate and alanine 
utilization, the increased tissue concentration of both these 
substrates as well as other gluconeogenic amino acids 
(serine, threonine, asparagine, glycine) in sepsis suggests 
that their pathway for utilization may have become satu- 
rated. Gluconeogenesis is regulated by substrate availabi- 
lity, hormone-induced regulation of enzymes, and adaptive 
changes in enzyme concentrations. However, increased 
glucose turnover was observed only in septic animals," 
suggesting that changes in enzyme activities must also 
play an important role in regulating gluconeogenesis in 
sepsis. In support of our hypothesis that control of enzyme 
activity by covalent modification plays a role in regulating 
hepatic substrate concentrations, lactate and alanine oxi- 
dation are both regulated by the pyruvate dehydrogenase 
complex whose activity has been shown to be decreased in 
this chronic intra-abdominal septic abscess model'*”°?} 

Since dichloroacetate has been shown to activate the 
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pyruvate dehydrogenase complex in control, sterile inflam- 
mation, and sepsis conditions, the effect of dichloroacetate 
on hepatic amino acid concentrations was examined. Intra- 
periteneal injection of dichloroacetate resulted in a three- 
fold to fivefold decrease in hepatic alanine concentrations 
in each of the conditions examined. While activation of 
hepatic pyruvate dehydrogenase complex may be a con- 
tributing factor to the lowering of hepatic alanine concen- 
trations, it should also be noted that the skeletal muscle" 
and plasma alanine concentrations were also significantly 
redueed following dichloroacetate administration. There- 
fore, the decrease in liver alanine concentration may also 
be a result of decreased alanine uptake secondary to 
redueed plasma alanine concentrations following adminis- 
tratien of dichloroacetate. The decreased plasma alanine 
concentrations probably resulted from a decreased alanine 
production in extrahepatic tissues, particularly skeletal 
muscle. 4 

The plasma glutamine concentrations were not different 
in control animals, sterile inflammation, or sepsis. In 
contrast to the plasma glutamine concentration, liver 
glutamine concentrations were significantly reduced to the 
same extent in both sterile inflammation and sepsis com- 
pared with control. In contrast to the dichloroacetate- 
indueed decreases in alanine concentrations, glutamine 
concentrations following administration of dichloroacetate 
in bleod and liver were greatly increased in each condition 
examined. Similar observations have been reported for 
skeletal muscle glutamine concentrations. 

Because of the marked effects of dichloroacetate on 
alanine and glutamine metabolism, its influence on the 
concentration of other amino acids was also investigated. 
Skeletal muscle" and plasma glycine concentrations were 
not altered in sterile inflammation or sepsis, while hepatic 
glycine concentrations were increased in both settings 
compared with control. Following intraperitoneal injection 
of dichloroacetate, plasma, liver, and skeletal muscle gly- 
cine concentrations were largely increased in each of the 
conditions, with hepatic glycine concentrations elevated 
twofeld to threefold. It is doubtful that decreases in the 
rate of glycine degradation were responsible for this 
elevation, since glycine cleavage enzyme does not require 
pyruvate as a cofactor. In addition, serine concentrations 
that could be metabolized by conversion to glycine were 
not increased following administration of dichloroacetate. 
Instead, increased glycine concentrations following intra- 
peritoneal injection of dichloroacetate may be a result of 
increased de novo synthesis of glycine by transamination 
of glyoxylate, an intermediate in metabolism of dichloro- 
acetate, with glutamate.” Thus, the increased glycine 
concentrations would appear to be related to the adminis- 
tration of dichloroacetate itself and the disposal of its 
consequent breakdown products, rather than through an 
activation of pyruvate dehydrogenase activity. 

In skeletal muscle, sepsis was associated with an in- 
creased concentration of branched-chain amino acids at a 
time when net proteolysis appeared to be increased“ and 
musele protein synthesis was decreased.” In contrast to 
skeletal muscle, the concentration of valine and isoleucine 
in livers from septic animals were decreased relative to 
those with sterile inflammation and control animals. Fol- 
lowing treatment with dichloroacetate, the hepatic concen- 
tration of branched-chain amino acids was significantly 
increased in each of the conditions examined. This is in 
contrast to studies in isolated rat hepatocytes, where 
dichloroacetate has been reported to stimulate leucine 
catabolism.” The mechanism for stimulation of leucine 
oxidation does not appear to involve either the pyruvate 
dehydrogenase or branched-chain a—keto acid dehydrogen- 
ase. Instead, the stimulatory effect of dichloroacetate 
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appeared to be secondary to increased dichloroacetate 
dechlorination to glycoxylate. 

Glycoxylate may transaminate with leucine to form 
a-ketoisocaproate and glycine, resulting in accelerated 
leucine oxidation, since aminotransferase activity is rate 
limiting for leucine oxidation in liver.** However, this effect 
of dichloroacetate to increase leucine catabolism can be 
blocked by increasing the concentration of serine, methio- 
nine, asparagine, glutamine, phenylalanine, and glycine.” 
All of these amine acids, which suppress dichloroacetate 
stimulation of leucine oxidation, are increased in dichloro- 
acetate-treated animals. In addition, another mechanism 
may be responsible for the increased branched-chain amino 
acid concentrations in livers from dichloroacetate-treated 
animals. Increased mitochondrial acetyl coenzyme A con- 
centrations secondary to a stimulation of pyruvate dehy- 
drogenase complex activity would be expected to decrease 
flux through the branched-chain a-keto acid dehydrogen- 
ase by limiting free coenzyme A, cofactor of the reaction. 
Decreased flux through the branched-chain a-keto acid 
dehydrogenase would result in an accumulation of the 
branched-chain a—keto acids. Since the aminotransferases 
are equilibrium enzymes, an accumulation of the branched- 
chain a-keto acid would tend to decrease transamination, 
thereby leading to an increased intracellular concentration. 
The results of the present study cannot discern which of 
these two mechanisms is responsible for the increased 
branched-chain amino acid concentrations following admin- 
istration of dichloroacetate. These changes in the hepatic 
branched-chain amino acids occurred despite the failure of 
the plasma branched-chain amino acids to increase. 

In summary, these results demonstrate that alterations 
in liver amino acid concentrations are observed before any 
demonstrable changes in the plasma amino acid concentra- 
tion occur. Furthermore, the plasma amino acid concentra- 
tion will represent a balance between production and 


utilization. Therefore, while measurements of the plasma 
amino acid show overall whole-body changes, they cannot 
be related to alterations in specific organ systems, but 
rather reflect the net changes. Unlike plasma, the intra- 
cellular hepatic amino acid concentrations were greatly 
altered in both sterile inflammation and sepsis. Hence, 
alterations in the plasma amino acid profiles in septic 
patients and animals must herald changes that have already 
occurred intracellularly. These observations are consistent 
with studies demonstrating the temporal relationships 
between plasma and hepatic amino acids following a sub- 
lethal dose of endotoxin.” The major difference between 
hepatic amino acid profiles in sterile inflammation and 
sepsis was a greatly decreased concentration of the 
branched-chain amino acids, valine and leucine, in livers 
from septic animals, suggesting that there was increased 
hepatic utilization since the plasma levels remained un- 
changed. Administration of dichloroacetate resulted in a 
significant decrease in hepatic intracellular alanine concen- 
tration, with increases occurring in most of the other amino 
acid concentrations. In particular, depressed glutamine 
concentrations were elevated twofold. Therefore, dichlo- 
roacetate may represent a pharmacologic modality that 
increases the liver’s intracellular free amino acid concen- 
trations, possibly by reducing hepatic utilization of 
branched-chain amino acids for oxidation and gluconeo- 
genic amino acids for gluconeogenesis, since previous 
studies in this preparation have shown glueose turnover to 
also be reduced after administration of dichloroacetate." 
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The Use of Arm Veins for Infrainguinal 


Bypass in End-Stage Peripheral 


Vascular Disease 


James D. Balshi, MD; Nancy L. Cantelmo, MD; James O. Menzoian, MD; Frank W. LoGerfo, MD 


è Thirty-six infrainguinal bypass grafts were performed in 
33 patients with the use of autologous arm vein. Indications 
for operation were ischemic rest pain or tissue loss in all 
patients. The average age of the patients was 70.0 years—27% 
were diabetic and 56% were smokers. Sixty-five percent of the 
grafts were performed as secondary reconstructions. Follow- 
up ranged from three weeks to six years, with a mean of 12.1 
months. Life-table primary and secondary patencies for all 
grafts are 73% and 82% at one year, respectively. Simple 
(noncomposite) arm vein grafts had primary and secondary 
patencies of 75% and 85%, respectively. The limb salvage rate 
was 86%. No grafts required thrombectomy for early occlusion 
(<30 days), and no graft failures have occurred beyond nine 
months (n = 18). Arm vein bypass grafts demonstrate excellent 
patency rates and provide the preferred conduit in the absence 
of autologous saphenous vein. 

(Arch Surg 1989:124:1078-1081) 


"iat as tei bypass grafts are occasionally necessary 
when autologous saphenous vein cannot be used. A 
variety of prosthetic conduits have been employed in lieu 
of saphenous vein but none have approached its perfor- 
mance, particularly in bypass to the crua! vessels. Conflict- 
ing reports in the literature have disputed the value of 
autologous arm vein (AAV) as a bypass conduit for infrain- 
guinal arterial reconstruction.'+ This report confirms the 
suitability of arm veins as a bypass graft and supports 
their consideration whenever saphenous vein is unavail- 
able. 


PATIENTS AND METHODS 


The Vascular Registry at Boston University Medical Center 
identified 38 patients who received 41 arm vein grafts to the lower 
extremities from 1979 to 1987. Records were reviewed for age, 
smoking, history, diabetes, previous reconstructive surgery, type 
of graft, and fate of saphenous vein. Of the 37 patients available 
for follow-up, four had revisions of existing grafts with the use of 
arm veins anc therefore were not considered herein. The remaining 
33 patients underwent 36 arterioarterial bypass grafts using AAV 
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as a simple, one-piece graft (n= 26) or as a composite graft with 
saphenous vein or additional arm vein (n= 10). 

All patients had end-stage peripheral vascular disease with 
advaneed ischemia and rest pain, tissue necrosis, or nonhealing 
ulceration. Follow-up ranged from three weeks to six years, with 
a mean of 12.1 months. Graft patency was determined by palpation 
of distal arterial pulses or distal graft pulses by the operating 
surgeon (N.L.C., J.0.M., or FW.L.) in conjunction with serial 
determinations of the ankle brachial index. Occasionally, graft 
patency was determined by a follow-up arteriogram. 

Arm veins were harvested by the senior members (N.L.C., 
J.O.H., F.W.L.) of the operating team, using previously described 
techniques for optimal vein graft preservation,’ notably, perive- 
nous infiltration and intraluminal perfusion with heparin sodium, 
papaverine hydrochloride, and plasmalyte solution. Simple grafts 
containing no venovenous anastomoses included cephalic vein 
(from wrist to clavicle), basilic vein (usually from elbow to axilla), 
or combined basilic-cephalic grafts harvested as a continuous 
conduit as described by LoGerfo et al. Vein grafts were placed in 
the reversed or nonreversed orientation depending on vein-to- 
artery size match. Basilic-cephalic “loop” grafts were placed in 
the basilic (nonreversed)-cephalic (reversed) orientation. When 
composite grafts were fashioned, venovenous anastomoses were 
performed with continuous 7-0 polypropylene suture. All arm 
harvest incisions were closed during the procedure and wrapped 
with an elastic bandage from wrist to shoulder for 48 hours. 

Assessment of arm vein suitability was based on preoperative 
inspection with a tourniquet and operative exploration. A preop- 
erative venogram or ultrasound was not employed. Arteriography 
was performed after surgery in each case to identify graft patency, 
outflow anatomy, or technical complications. 

Standard life-table analyses were performed in accordance with 
the guidelines of the Society of Vascular Surgery—International 
Society for Cardiovascular Surgery Ad Hoe Committee on Stan- 
dards.’ Primary patency reflects all grafts that remained patent 
and required no revision of the graft itself as defined by the 
committee. If graft patency is restored after occlusion and/or if 
revision of the graft or its anastomoses is necessary, it is classified 
as secondary patency. A primary reconstruction is the first 
operation performed on a particular arterial segment, in this case, 
the infrainguinal vessels, while a secondary reconstruction is any 
subsequent such operation. 


RESULTS 


Thirty-three patients underwent 36 AAV bypass grafts 
in 34 lower extremities. The average age of the patients 
was 70 years. Twenty-two patients were smokers at the 
time of operation and nine were diabetic. Twenty-two 
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Table 1.—Primary Patency of All Grafts* 


No. of 
Deaths 


No. of 
Failures 


Months 





IFR, % 


*F/U indicates number unavailable for follow-up; IFR, interval failure rate; IPR, interval patency rate; and APR, accumulated patency rate. 


grafts (65%) were performed in limbs that had undergone 
previous reconstructive surgery (secondary reconstruc- 
tions). 

Arm veins were chosen when autologous greater saphe- 
nous vein was unavailable as a conduit. The ipsilateral and 
contralateral saphenous vein had been harvested for recon- 
struction in 26 (72%) of the 36 cases. Two patients (6%) 
had undergone saphenous vein stripping. In five patients 
(14%), saphenous vein was thought to be inadequate be- 
cause of size, extensive or multiple sclerotic segments, or 
thrombosis. Another three patients (8%) had only short 
segments of suitable saphenous vein, and these were used 
as composite grafts with arm vein. 

One patient died two days after bypass of mesenteric 
infarction, for an operative mortality rate of 2.8%. There 
were no complications related to the harvest of arm veins— 
no arm edema, wound contracture across the antecubitum, 
or undue discomfort from the incision. 

The life-table primary and secondary patency rates for 
all grafts were 73% and 82%, respectively, at one year 
(Tables 1 and 2, Fig 1). These patency rates for 26 simple 
(noncomposite) grafts were 75% and 85% (Tables 3 and 4), 
respectively, and tended to be better than those for com- 
posite grafts (53% and 66%, respectively) (Fig 2). 

Among the five bypasses to the “above-knee” popliteal 
artery, no graft failures occurred within the follow-up 
period. Bypass to the “below-knee” popliteal was per- 
formed ten times, with two graft failures. Both patients 
underwent secondary arm vein reconstructions. Above- 
knee and below-knee bypasses have been combined as 
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Months 
Fig 1.—Life-table primary and secondary patency rates for all 


grafts. Number above each point represents number of grafts 
observed to be patent. 


femoropopliteal bypass, with a primary and secondary 
patency rate of 82% at one year (Fig 3). 

In 21 cases the distal anastomosis was performed to an 
infrapopliteal vessel. The primary and secondary patency 
rates for these grafts were 63% and 79% at one year, 
respectively (Fig 3). 

Twenty-two of the 36 bypasses were performed as sec- 
ondary reconstructions, with a patency of 75% Fig 4). In 
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Table 3.—Primary Patency of Simple Grafts* 
No. of 


APR, % SEM 


No. of Grafts 
at Risk 


No. of 


Months Failures 


F/U IFR, % IPR, % 








“ FR 1 > 


3 Te iai 75 i 


*F/U indicates number unavailable for follow-up; IFR, interval failure rate; IPR, interval patency rate; and APR, accumulated patency rate. 


Table 4.—Secondary Patency of Simple Grafts* 
F/U 


No. of Grafts No. of No. of 
Months at Risk Failures Deaths IFR, % IPR, % APR, % SEM 
0-1 26 MA 1 1 0 100 100 eae 
1-3 24 1 1 2 4 96 96 04 
3-6 20 2 1 11 89 85 08 
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Fig 2.—Life-table primary and secondary patency rates for simple 

grafts and composite (venovenous anastomosis) grafts. Number 


above each point represents number of grafts observed to be 
patent. 


the 14 cases of primary reconstruction, only one graft 
failed, for a patency of 89% (Fig 4). 

Limb salvage was accomplished in 86% of the patients. 
Five major amputations were performed in this group; 
however, two patients had patent grafts at the time of 
amputation for sepsis secondary to ascending gangrene. 
Although a total of five grafts failed in this series, two 
patients underwent secondary arm vein reconstructions 
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Fig 3.—Life-table secondary patency rates for femoropopliteal 
grafts adove-knee and below-knee bypass grafts combined. Also 
included are primary and secondary patency rates for infrapopliteal 
bypass grafts. Number above each point represents number of 
grafts observed to be patent. 


with eventual foot salvage. Three graft failures could not 
be reconstructed, and all the patients suffered a limb loss. 


COMMENT 


Discredited in reports by Schulman and Badhey' and 
Stoney et al,? arm veins were considered by many to be an 
inferior conduit for infrainguinal bypass. Despite early 
studies by Whittemore et alè and Campbell et alt showing 
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Fig 4.—Life-table patency rates for 14 grafts performed as primary 

reconstructions and 22 grafts performed as secondary reconstruc- 


tions. Number above each point represents number of grafts 
observed to be patent. 


comparable patencies of arm vein grafts to autogenous 
saphenous vein grafts for infrainguinal bypass, many sur- 
geons selected prosthetic grafts for infrainguinal bypass 
and many selected prosthetic grafts over arm veins when 
the saphenous vein was not available. Recently, Andros et 
alè reported a large series of lower extremity arm vein 
reconstructions with primary and secondary patencies of 
64% and 80% at one year, respectively. Our own series 
confirms the excellent performance of the arm vein as an 
infrainguinal bypass conduit with similar patencies of 73% 
and 82%, respectively. These results are further supported 
by the advanced state of peripheral vascular disease in 
these patients. Almost two thirds of the patients had 
undergone previous reconstructions of the same leg, and 
21 of the 36 grafts were to infrapopliteal vessels. The 
patency of 79% in this seeondary reconstruction group 
compares favorably to published reports for “obligatory” 
polytef to tibial and peroneal vessels of less than 50% at 
one year.’ Particularly gratifying in this series was the lack 
of immediate or 30-day graft failures frequently seen with 
prosthetic grafts." 

Even with added operating time and the general anes- 
thetic required for arm vein bypass, the operative mortality 
of 2.8% is acceptable. Although the harvesting and han- 
dling of arm veins are somewhat more complicated and 
more technically demanding than the use of prosthetic 
grafts, we believe the superior patency warrants the added 
time and effort. Furthermore, complications of harvesting 
(ie, nonhealing incisions, flap necrosis, or arm edema) have 
not occurred. 

The cephalic and basilic veins are durable vessels that 


commonly survive phlebitis or thrombosis from multiple 
assaults by intravenous catheters and phlebotomy needles. 
Despite extensive medical histories that included numerous 
hospitalizations and previous operations, we have usually 
been able to harvest suitable vein from our patients’ upper 
extremities. Although Shulman and Badhey' suggested 
long-term degeneration of arm vein grafts, we have seen 
no evidence of an intrinsic deficiency in these grafts and 
have had no cases of aneurysmal dilatation er distal 
embolization of intraluminal thrombus. 

We believe several points need to be emphasized im the 
successful use of arm vein as a bypass graft in end-stage 
peripheral vascular disease. First, and most important, 
one needs to be prepared to harvest these vems. This 
applies not only to preparation in the operating room but 
to preoperative assessment and planning often at the first 
contact with the patient. Patient education will help confine 
venipuncture and intravenous catheters to the hand and 
avoid unnecessary trauma to the veins. While some authors 
advocate noninvasive testing or even venograms in the 
evaluation of arm veins before surgery, we have relied on 
inspection under tourniquet and operative exploration in 
determining suitability. While duplex scanning of veins or 
venograms may help confirm vein size and patency, these 
modalities should not be used to rule out arm vein harvest. 
When the degree of ischemia threatens loss of the lower 
extremity, it is incumbent on the surgeon to prove that 
autogenous tissue is not available before subjecting the 
patient to less-effective prosthetic grafts. 

Second, a careful and optimal technique should be 
employed in the harvesting of these grafts. Arm veins of 
adequate caliber can quickly appear unsuitable when spasm 
occurs from dissection. Early cannulation of the vein, 
perfusion with a heparinized plasmalyte papaverine solu- 
tion, and maintaining a gentle distention pressure protects 
the endothelium and allows realistic assessment of vein 
caliber. 

Third, simple, noncomposite grafts are preferred when- 
ever possible. The use of more distal vessels for inflow (ie, 
superficial femoral, popliteal, and the tibials) allows for 
more frequent successful bypass when limited vein is 
available and has proved quite acceptable in recent reports 
by Ascer et al” and Andros et al.” 

We emphasize the importance of careful follow-up in 
these patients that includes frequent examinations in the 
first year after surgery, with serial ankle or brachial 
indexes. An aggressive approach with liberal postoperative 
arteriography is warranted in the light of the limited 
therapeutic options remaining for this group. If the graft 
fails, patch angioplasty or inflow-outflow “jump” grafts of 
anastomotic or midgraft stenoses before graft thrombosis 
have resulted in improved secondary patencies and limb 
salvage. 
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Clinical Notes 


Perforation Complicating Rifampin-Associated 


Pseudomembranous Enteritis 


Daniel L. Miller, MD; Jeffrey D. Sedlack, MD; Richard W. Holt, MD 


è An 18-year-old man developed a perforated jejunum while 
receiving rifampin antituberculous chemotherapy. The perfo- 
rations were located within longitudinal ulcers characteristic 
of pseudomembranous enterocolitis. Pseudomembranous in- 
flammation was limited to the small intestine. The absence of 
colonic involvement delayed establishment of the diagnosis. 
Successful surgical intervention consisting of small-bowel 
resection with primary anastomosis was accomplished for 
this rare and potentially fatal complication of antituberculous 
chemotherapy. 

(Arch Surg 1989;124:1082) 


parenii enterocolitis is a well-recognized 
complication of antibiotic therapy. With the advent of 
effective antibiotic therapy, particularly oral vancomycin 
hydrochloride, the need for surgical intervention in the 
management of pseudomembranous enterocolitis is now 
uncommon.: The patient whose case is reported herein had 
jejunal perforation complicating rifampin-associated pseu- 
domembranous enteritis. 


REPORT OF A CASE 


An 18-year-old man was admitted to the hespital with a four- 
month history of malaise, productive eough, night sweats, and a 
13.5-kg weight loss. Physical examination revealed a thin, mildly 
retarded man with a temperature of 38.5°C. Apical breath sounds 
were decreased bilaterally, chest roentgenogram showed bilateral 
apical infiltrates, and sputum smear was positive for acid-fast 
bacilli (AFB). 

Antituberculous chemotherapy, which consisted of isoniazid, 
rifampin, and pyrazinamide, was started on the third hospital day. 
Sputum smears for AFB cleared within two weeks. On the 20th 
- hospital day, the patient developed multiple watery stools and 
eolicky lower abdominal pain. Obstipation, nausea, and vomiting 
developed as abdominal pain worsened. Abdominal roentgeno- 
grams showed a nonspecific gas pattern, and surgieal consultation 
was obtained. The abdomen was distended but nontender; bowel 
sounds were normoactive. Flexible fiberoptic sigmoidoscopy re- 
vealed mild inflammatery and edematous changes; no signs of 
ischemia, ulceration, obstruction, or pseudomembrane were pres- 
ent. A diagnosis of tuberculous enteritis was entertained. 

Shortly thereafter the patient developed hypetension, tachycar- 
dia, pyrexia, and abdominal rigidity. At emergency celiotomy, 
enlarged mesenteric lymph nodes and subserosa! nodules were 
found throughout the small and large intestine. Two jejunal 
perforations were identified (Figure). Approximately 60 cm of 
jejunum, including the perforations, were resected and the prox- 
imal and distal segments anastomosed. Microscopic examination 
revealed mixed gram-negative and gram-positive bacilli within 
the exudate, and cultures of the exudate were negative for growth. 
The subserosal nodules demonstrated caseating granulomata; 
AFB were not identified. Stool cultures for Clostridium difficile 
and its cytotoxin were positive in samples sent preceding surgery. 

Postoperatively, the patient was begun on a regimen of intra- 
muscular streptomycin and total parenteral nutrition. On the 14th 
postoperative day, oral antituberculous chemotherapy with isoni- 
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Examination of gross specimen revealed two perforations (arrow- 
heads) near mesenteric border of jejunum. Entire mucosa was 
covered by thick exudate (pseudomembrane) that easily peeled. 
Beneath exudate were multiple longitudinal ulcers. Perforations 
were located within these ulcers. 


azid, ethambutol, and rifampin was resumed uneventfully. He was 
discharged from the hospital on the 30th postoperative day, 
tolerating a regular diet and experiencing normal bowel function. 
Repeated stool cultures for C difficile and its cytotoxin were 
negative eight weeks after hospital discharge. 


COMMENT 


Pseudomembranous enterocolitis was first described as 
a postoperative complication. Today, the major cause is 
antibiotic therapy, most commonly ampicillin, clindamycin, 
and the cephalosporins. Pathogenesis consists of antibiotic 
alteration of intestinal microflora with overgrowth of toxin 
producing C difficile. 

Pseudomembranous enterocolitis complicating antitu- 
bereulous chemotherapy is rare. Isoniazid, ethambutol, 
and pyrazinamide have not been implicated presumably 
because of their low activity against intestinal flora. Eight 
cases, none from the United States, have been reported 
with rifampin use,? but surgical intervention was not 
required in the management of these patients. 

Complications of pseudomembranous enterocolitis re- 
quiring surgery range from isolated gastrointestinal per- 
foration to fulminant colitis. Delay in diagnosis of pseudo- 
membranous enterocolitis predisposes these complications. 

Nontraumatic perforation of the small bowel is uncom- 
mon in the United States and is most often the result of 
mechanical obstruction, Crohn’s disease, or malignant 
neoplasm. Surgical management of small-bowel perforation 
ranges from simple suture plication to small-bowel resec- 
tion with primary anastomosis. Successful surgical treat- 
ment censisting of resection with primary anastomosis was 
achieved in the patient presented herein for this rare 
and potentially fatal complication of antituberculous che- 
motherapy. 
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Delayed Presentation of a Right-Sided 
Diaphragmatic Hernia and Group B 


Streptococcal Sepsis 


Two Case Reports and a Review of the Literature 


Frederick J. Rescorla, MD; Mervin C. Yoder, MD; 
Karen W. West, MD; Jay L. Grosfeld, MD 


è Group B streptococcal sepsis was associated with de- 
layed presentation of an unsuspected right-sided diaphrag- 
matic hernia in two neonates. These unusual clinical obser- 
vations and a review of 24 similar cases from the literature 
form the basis of this report. Infants present with respiratory 
distress during the first few hours of life and have group B 
streptococcal sepsis confirmed by results of blood cultures. 
The right side of the diaphragm appears normal on the initial 
chest roentgenogram in the majority of cases. After initial 
improvement with antibiotic therapy and ventilatory support, 
sudden deterioration of respiratory status may occur. Subse- 
quent chest roentgenograms often demonstrate herniated 
viscera in half of the cases, while ultrasound examination, 
isotopic liver scan, and peritoneography are useful in achiev- 
ing a diagnosis in the other cases. If recognized, survival is 
100% following hernia repair. Persistent respiratory symptoms 
in a neonate who is recovering from group B streptococcal 
sepsis should prompt a carefu! evaluation of the right side of 
the diaphragm for the presence of an unsuspected postero- 
lateral hernia. 

(Arch Surg 1989;124:1083-1086) 


Gs B streptococcal infection associated with delayed 
presentation of a right-sided diaphragmatic hernia in 
the neonate is an unusual clinical relationship. Little 
information concerning these occurrences is available in 
the surgical literature. 

The purpose of this report is to describe two neonates 
with group B streptococcal infection and delayed presen- 
tation of a right-sided diaphragmatic hernia, and to cor- 
relate their clinical courses with a review of 24 additional 
cases from the literature. This is undertaken to (1) sum- 
marize the pattern of clinical presentation, (2) evaluate the 
methods of diagnosis, (3) improve recognition, and (4) 
familiarize surgeons with this unusual clinical relationship. 
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REPORT OF CASES 


Case 1.—A 2438-g male neonate was born to a 21-year-old 
woman (gravida 1, para 1, abortus 0) at 36 weeks’ gestation. 
Pregnancy was complicated by premature labor, with rupture of 
membranes 12 hours before a spontaneous vagina! delivery. Apgar 
scores were 5 and 8 at one and five minutes, respectively The 
newborn was noted to be in mild respiratory distress and was 
placed in an oxygen hood. A chest roentgenogram was obtained 
and interpreted as normal (Fig 1). Blood cultures were drawn, and 
the infant was started on a regimen of ampicillin sodium and 
gentamicin sulfate. For respiratory support, because of hypoxia 
and acidosis, the neonate was transferred to the James Whitcomb 
Riley Hospital for Children, Indianapolis. Assisted ventilation 
was required on the second day of life, and a repeated chest 
roentgenogram obtained at this time demonstrated a right-sided 
infiltrate (Fig 2). Blood cultures subsequently yielded group B 
streptococcus. The oxygen requirement gradually decreased, and 
the neonate was extubated on the 13th day of life. A chest 


roentgenogram taken on the following day showed opacification of . 


the right base of the chest (Fig 3), and ultrasound examination 
demonstrated the liver within the right side of the chest. A 
transthoracic exploration was performed and disclosed a typical 
smooth-edged Bochdalek’s posterolateral diaphragmatic defect, 
with herniation of the right lobe of the liver. The right lung 
appeared to be normal. The defect was repaired with interrupted 
3-0 silk mattress sutures, and a thoracostomy tube was placed on 
the.right side. The clinical course of the neonate improved after 
surgery, and he was discharged from the hospital six days later. 
Follow-up chest roentgenograms demonstrated elevation of the 
right side of the diaphragm, with paradoxical motion noted on 
fluoroscopy. The neonate had no further problems and is healthy 
242 years after the procedure. 

Case 2.—A 3118-g male neonate was born to a 31-year-old 
woman (gravida 3, para 3, abortus 0) at 38 weeks’ gestation. The 
course of the pregnancy was unremarkable, and delivery was 
vaginal, 12 hours after rupture of membranes. Apgar sceres were 
8 and 9 at one and five minutes, respectively. At the age of 6 heurs, 
the newborn was noted to have tachypnea and grunting respira- 
tions. A chest roentgenogram was obtained and was considered 
to be unremarkable (Fig 4). The white blood cell count was 
1.9 10°/L, with an absolute neutrophil count of 0.2 x 10*/L. 
Cultures of blood, urine, and cerebrospinal fluid were obtained, 
and the neonate was placed on a regimen of ampicillin and 
gentamicin. Blood cultures were positive for group B streptecoc- 
cus. At age 3 days, the neonate required assisted ventilation for 
carbon dioxide retention and acidosis. A repeated chest roentgen- 
ogram demonstrated progression of a basilar infiltrate on the right 
side. The newborn was transferred to the James Whitcomb Riley 
Hospital for Children on the fifth day of life. At admission, the 
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Fig 1.—Anteroposterior chest roentgenogram of newborn at age 
of 4 hours (case 1). 





Fig 2.—Chest roentgenogram demonstrating infiltrative process in 
neonate aged 2 days (case 1). 


chest roentgenogram showed a right pleural effusion and basilar 
density (Fig 5). At this time, thoracentesis yielded pleural fluid 
with a total protein measurement of 33 g/L, an erythrocyte count 
of 9.9 x 10°/L, and a white blood cell count of 1.3 x 10°/L, with 0.38 
neutrophils, 0.44 lymphocytes, and 0.18 monocytes on differential 
smear. An ultrasound examination on the eighth day of life 
demonstrated a right pleural effusion; however, the study was 
unable to evaluate clearly the integrity of the diaphragm. The 
neonate’s condition improved after a second thoracentesis, and he 
was extubated at the age of 10 days. The basilar process remained 
unchanged; therefore, a liver scan was obtained the next day, 
which demonstrated part of the liver within the right side of the 
thorax, with the diaphragm creating a characteristic cold-band 
impression in the liver (Fig 6). At abdominal exploration, a typical 
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Fig 3.—Chest roentgenogram demonstrating opacification of right 
base one day after extubation (case 1). 


Fig 4.—Anteroposterior chest roentgenogram of newborn at age 
of 6 hours (case 2). 


smooth-edged Bochdalek’s posterolateral defect was noted, with 
the right lobe of the liver located in the chest. The liver was 
reduced, and the defect closed primarily with interrupted 3-0 silk 
mattress sutures. A thoracostomy tube was placed on the right 
side. The neonate had an unremarkable postoperative course and 
was discharged from the hospital six days after the procedure. At 
follow-up examination at six weeks, three months, and six months, 
the infant was asymptomatic and thriving. 


COMMENT 


These unusual cases document the association of group 
B streptococeal infection and delayed presentation of an 
unsuspected right-sided diaphragmatic hernia and add to 
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Fig 5.—Chest roentgenogram revealing pleural effusion and opac- Fig 6.—Liver scan demonstrating herniation of right lobe of liver. 
ification of right base (case 2). Arrow points to “cold-band” indentation of diaphragm into liver 
(case 2). 


Delayed-Onset Diaphragmatic Hernias and Group B Streptococcal Sepsis 









Age at Mechanical Age at Diagnostic 

Source Patient Onset Ventilation* Diagnosis, d Study Outcome 
Kirchner et al’ 1 15h 19 Thoracoabdominal exploration Survived 
Kenny et al? 2 “Hours” + 7 Pneumoperiteonography Survived 
3 “Hours” — 5 Pneumoperiteonography Survived 
Young et al? 4 3h + 3 Chest roentgenogram Survived 

Chilton et al* 5 3h + 10 Necropsy Died 
6 1h + 13 Liver scan Survived 
Horbar® 7 36 h + 14 Chest roentgenogram Survived 
Graviss et al 8 Immediate + 14 Peritoneography Survived 
9 “Hours” + 26 Peritoneography Survived 








Giacoia and Jegathesen’ 10 12h + 14 Chest roentgenogram Survived 
McCarten et al'° 13 Immediate + 6 Chest roentgenogram Survived 
14 3d + 8 Umbilical arteriogram Survived 
15 Immediate + 12 Pneumoperiteonography Survived 
16 Immediate - 42 Liver scan Survived 
17 Immediate - 11 Chest roentgenogram Survived 
18 10h + 7 Chest roentgenogram Survived 
Ashcraft et al? 20 24h + 14 Chest roentgenogram Survived 
21 4h + 13 Chest roentgenogram Survived 
22 24h + 9 Chest roentgenogram Survived 
23 4h + 12 Necropsy Died 
Current study 25 Immediate + 14 Ultrasound examination Survived 
26 6h + 11 Liver scan Survived 











*Plus sign indicates positive; minus sign, negative. 
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the 24 similar instances previously reported (Table).'"* A 
review of these cases indicates that most neonates develop 
symptoms within the first few hours of life, with only five 
presenting after 24 hours of life. Respiratory distress was 
generally the predominant symptom and was severe 
enough to require ventilatory support in 22 of the 26 
neonates. Positive blood cultures subsequently docu- 
mented a group B streptococcal infection in each case. 
Typically, initial clinical improvement was followed by 
subsequent respiratory deterioration, frequently after ces- 
sation of assisted ventilatory support. 

Although the initial chest roentgenogram may appear to 
be normal in the majority of cases, follow-up roentgeno- 
grams commonly demonstrate opacification of the lower 
right hemithorax, frequently associated with a pleural 
effusion. Among the 26 infants, the age at recognition of 
the diaphragmatic hernia ranged from 3 to 45 days. Nu- 
merous methods ef diagnosis have been reported. Plain 
chest roentgenograms eventually revealed the diagnosis in 
12 of the 26 infants, with loops of bowel herniated into the 
chest. Peritoneography (the injection of a small amount of 
air or contrast material into the peritoneal cavity with 
migration into the right side of the chest) was diagnostic 
in five of the reported cases. Radioisotopic liver scans were 
used in three cases. This was initially reported by Yeung 
et al“ in an infant with delayed diagnosis in whom ultra- 
sound examination and peritoneography failed to demon- 
strate the defect. In one infant described by Akierman and 
Mayock," a technetium Tc 99m pertechnetate-tagged 
erythrocyte scan that was performed to evaluate thoracic 
bleeding demonstrated the liver in the chest. In another 
infant, an umbilical arzeriogram demonstrated the liver in 
the right side of the chest. In a case reported by Kirchner 
et al,! the diagnosis was not achieved until thoracoabdom- 
inal exploration was performed. The chest roentgenogram, 
upper gastrointestinal tract contrast study, and bronchos- 
eopy were all nondiagnostic in this patient. 

Ultrasound examination was diagnostic in our first case, 
although it was not helpful in our second patient or in the 
infant described by Akierman and Mayock." The ultra- 
sound examination on our second patient, however, was 
performed while the neonate was still receiving ventilatory 
support, and the liver may well have been in an intra- 
abdominal location at the time of the study. Fluoroscopy 
was also performed in several patients and, despite dem- 
onstrating abnormal diaphragmatic motion, was not diag- 
nostic. Unfortunately, the presence of diaphragmatic her- 
nia in two of the 24 infants in the present literature review 
was documented at autopsy. These represent the only 
reported deaths. One of these infants (described by Ash- 


craft et al?) had sudden respiratory deterioration after 
initial improvement and could not be resuscitated. The 
other case was reported by Chilton et al,* and this patient 
had inadvertent placement of a chest tube into the herni- 
ated lobe of liver. 

All of the reports that specify the type of diaphragmatic 
defects clearly describe typical smooth-edged right-sided 
posterolateral Bochdalek’s hernias without a sac. The 
etiology has been debated. The role of the invasiveness of 
the virulent group B streptococcus has been suggested as 
a cause by Harris et al’; however, this theory is highly 
unlikely in view of the smooth edge and typical location of 
the defect. Ashcraft et al? postulated that insufficient 
diaphragmatic motion at the time of delivery predisposes 
to the development of right-sided pneumonia and sepsis. 
The liver blocks the defect until subsequent respiratory 
distress results in labored breathing, leading to herniation. 
Giacoia and Jegathesen’ proposed that the abnormal com- 
plianee of the lung, coupled with the use of positive- 
pressure ventilation (in 22 of 26 cases), delayed the herni- 
ation of viscera or liver through the defect. Banagale and 
Watters” postulated that a decrease in intrathoracic pres- 
sure, produced by weaning from mechanical ventilation, 
contributed to the delayed herniation. Our experience 
would lend support to this theory, as the condition of both 
of our neonates deteriorated after apparent improvement 
in their pulmonary status and after discontinuing ventila- 
tory support. In addition, the review of the literature 
supperts this concept, with the status of 18 of the 24 
previously described neonates having shown initial im- 
provement, and then, in several cases, exhibiting deterio- 
ration shortly after extubation from ventilatory support. 
Of interest is the fact that group B streptococcal sepsis has 
not been observed in association with left-sided defects. 
More than 100 cases of congenital diaphragmatic hernias 
affecting the left side have been treated at our institution, 
and none has been associated with group B streptococcal 
sepsis. The reason this occurs in association with group B 
streptococcus and not other organisms remains obscure. 
Including the two current cases, delayed presentation of a 
right-sided diaphragmatic hernia associated with group B 
streptococcal infection has been reported in 26 infants. 
This diagnosis should be considered if an infant with group 
B streptococcal sepsis and a previously normal chest 
roentgenogram shows deterioration following cessation of 
ventilatory support or has persistent respiratory symp- 
toms. Prompt evaluation of the right side of the diaphragm 
should be undertaken. Chest roentgenograms, radioisoto- 
pic liver scan, and ultrasound examination may be useful 
in arriving at the diagnosis. 
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Splenosis 


" A Cause of Massive Gastrointestinal Hemorrhage 


Richard M. Basile, MD; J. Mark Morales, MD; Ralph Zupanec, MD 


e Splenosis is the autotransplantation of splenic tissue 
following surgery or trauma. While it has been reported to 
cause a number of complications, splenosis is most com- 
monly an incidental finding at laparotomy or on imaging 
studies. In our study, a case of massive, acute gastrointestinal 
hemorrhage occurred secondary to splenosis involving the 
small bowel. While there are several reports of self-limited 
gastrointestinal hemorrhage secondary to splenosis involving 
the gastric fundus, we are aware of no reports of massive, 
acute intestinal bleeding caused by this condition. Splenosis 
should be considered in the differential diagnosis of gastro- 
intestinal hemorrhage in patients who have experienced prior 
splenic trauma or splenectomy. 

(Arch Surg 1989;124:1087-1089) 


plenosis is the autotransplantation of splenic tissue 

following splenic trauma or surgery and is thought to 
be secondary to the seeding and subsequent growth of 
splenic cells throughout the peritoneal cavity or, less 
frequently, in extraperitoneal locations.’ Although this 
condition is uncommonly of clinical importance and is 
usually an incidental finding at laparotomy, it has been 
associated with a number of pathologic conditions.” We 
believe the following to be the first reported case of 
splenosis causing acute, massive gastrointestinal bleeding. 


REPORT OF A CASE 


A 24-year-old man was admitted to the emergency department 
three hours after being awakened by crampy abdominal pain and 
bloody diarrhea. He had no history of chronic illness bu: had 
undergone a splenectomy at age 5 years for a splenic rupture 
sustained in a fall. 

On hospital admission, the patient was pale, with a blood 
pressure of 108/60 mm Hg while the patient was supine and 
orthostatic changes. Abdominal examination was normal, except 
for hyperactive peristalsis. Rectal examination revealed fresh 
blood, and proctoscopy to 15 em revealed fresh blood but no 
mucosal lesions. His hemoglobin level was 132 g/L. Gastric 
aspiration and lavage showed no evidence of upper gastrointestinal 
tract bleeding. A technetium Te 99m sulfur colloid study with 
serial scans over 55 minutes identified multiple sites of abnormal 
activity, all but two of which remained constant in location over 
time (Fig 1). This study suggested the presence of splenosis in 
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addition to gastrointestinal hemorrhage from an indeterminate 
site. Six hours after admission to the hospital, the patient’s 
hemoglobin level had fallen to 94 g/L, and bloody stools continued, 
requiring a transfusion of 3 U of packed red blood cells. Selective 
mesenteric angiography was performed but failed to identify 
active bleeding or any pathologic lesion. By that evening, 7 U of 
packed red blood cells and 2 U of fresh-frozen plasma had been 
transfused; then, the patient was stable, and bleeding had elini- 
cally subsided. 

At 4 am on the second hospital day, hypotension and active rectal 
bleeding recurred. Upper gastrointestinal tract endoscopy defi- 
nitely ruled out this area as the source of hemorrhage, and the 
patient subsequently underwent surgery. At laparotomy, innu- 
merable fragments of splenic tissue were found adherent to the 
serosal surfaces of the large and small bowel. The nodules hac the 
typical color and consistency of splenic tissue and measured from 
less than 1 to 5 cm in diameter. No Meckel’s diverticulum was 
identified. In the midportion of the ileum, one fragment ef splenic 
tissue appeared to be invading deeply into the bowel wall (Fig 2). 
Intraluminal blood was noted distal but not proximal to this 
location, suggesting that this was the site of the bleeding. 
Segmental resection of this portion of the ileum with end-to-end 
anastomosis was performed. The resected ileum was opened, and 
a mucosal ulceration was found to correspond with the overlying 
nodule of splenic tissue. Histologic studies identified this nodule 
to be consistent with splenic parenchyma containing red and white 
pulp (Fig 3). Deep to the ulceration, disruption of a large 
submucosal artery was identified (Fig 4). Postoperatively, the 
patient did well and was discharged from the hospital on the 
seventh postoperative day; he has experienced no further bleeding. 


COMMENT 


Griffini and Tizzani’ have been credited with the first 
description of splenosis in dogs subjected to partial sple- 
nectomy. In 1910, Von Kuttner’ described the first autopsy 
case in humans, with a documented history of priar sple- 
nectomy for trauma. It was not until 1939 that Buchbinder 
and Lipkoff! reported the first case in the Ameriean 
literature that involved a young woman thought to have 
endometriosis and introduced the term splenosis. They 
postulated a difference between posttraumatic splenic 
implants and accessory spleens on the basis of histologic 
characteristics, such as the lack of a true hilum and a 
decreased amount of elastic tissue and smooth muscle in 
the capsule of the splenic implants compared with acces- 
sory spleens. The more random location of splenic implants 
as compared with the predictable location of accessary 
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Fig 1.—Technetium Te 99m sulfur colloid study identifying multiple 
sites of abnormal activity consistent with splenosis and gastroin- 
testinal bleeding. 
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Fig 2.—Splenosis om serosal surface of ileum appearing grossly 
invasive. 


spleens in the embryologic posterior mesogastrium as well 
as the work of Perla’ that demonstrated the ability of 
autogenous splenic implants to grow in laboratory animals 
further supported their postulate that splenosis and acces- 
sory spleens were distinct entities. 

A review of reported cases in the literature as of 1973 
identified only 77 cases of splenosis, all diagnosed at 
laparotomy or autopsy, suggesting this to be an uncommon 
condition.” In this thorough review, the anatomic distribu- 
tion of splenosis within the abdomen included the small- 
bowel serosa, greater omentum, parietal peritoneum, colon 
serosa, mesenteric serosa, and diaphragms in order of 
decreasing frequency. Extraperitoneal locations, including 
the subcutaneous tissues and the chest, have been re- 
ported,** presumably the result of trauma creating an 
avenue of escape for splenic tissue from the peritoneal 
cavity. More recently, the reported incidence of splenosis 
in postsplenectomy patients based on hematologic studies 
and liver-spleen scanning has ranged from 26% to 59%.19™ 
While the exac: incidence is not clear, these reports suggest 
it to be far from negligible. 

Clinically, splenosis is most commonly encountered on 
imaging studies er at laparotomy in patients with abdom- 
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Fig 3.—Focal mucosal ulceration and hemorrhage (arrow) overly- 
ing nodule of splenosis (hematoxylin-eosin, x 7). 
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Fig 4—Site of hemorrhage demonstrating disruption of submu- 
cosa! artery and overlying clot (elastica, x 63). 


inal dain or bowel obstruction. It has been suggested these 
nodtles cause pain if associated with a twisted pedicle or 
a functional lymphoid response to infection; however, the 
specific cause of abdominal pain in these patients is usually 
not directly related to splenosis.?4 The majority of small- 
bowel obstructions in patients with splenosis are caused 
by adhesions or other causes not directly related to sple- 
nosis.** The implants of splenosis may simulate a neoplasm, 
mos commonly in the abdomen, but also in the subcuta- 
neous tissue, thoracic cavity, and even the heart.210-12 
Uncommonly, splenosis is the direct cause of pathologic 
conditions, such as recurrent hematologic disease, after 
therapeutic splenectomy or intra-abdominal hemorrhage 
after trauma.*413 

Splenic tissue has been identified as an extrinsic or 
submucosal mass in the gastric fundus simulating tumor, 
and its association with gastrointestinal hemorrhage is 
limited to this location exclusively.* Agha identified 
eight cases in the literature of splenosis or ectopic splenic 
tissue involving the gastric fundus and added a ninth; four 
of the nine cases were associated with some degree of 
upper gastrointestinal tract bleeding, but none was asso- 
ciated with massive, acute hemorrhage. The cause of 
bleeding in these cases was either gastritis or superficial 
ulceration overlying the extramucosal mass, likely similar 
in mechanism to bleeding caused by gastric leiomyomata. 
To our knowledge, there have been no reported cases of 
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massive hemorrhage from the small bowel caused by 
splenosis. The mechanism of bleeding in our patient seems 
similar to that caused by submucosal mass lesions in the 
stomach, since the histologic findings did not identify frank 
mucosal invasion by the underlying splenic tissue. 

While reports are conflicting, it has been suggested that 
splenosis provides some immunologic function and that the 
degree may depend on the mass of residual splenic tis- 
sue.!°!! For this reason, and because splenosis is most often 
an incidental finding unrelated to the primary disease, 
treatment at laparotomy should be directed at the specific 


disease. Extensive resections of splenic tissue in this 
setting do not seem warranted. However, splenosis may be 
related to a specific condition, and appropriate resections 
in this circumstance are clearly indicated. Splenosis should 
be kept in mind when patients present with gastrointesti- 
nal bleeding who have experienced prior splenic trauma or 
surgery, particularly when the more common causes of 
gastrointestinal bleeding have been ruled out. 


Rosemary Messer and Mary Armstrong assisted with the manuscript 
preparation, and Robert Tunnicliffe assisted with the photography. 
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Documentation of Students’ Clinical Reasoning Using a Computer Simulation 


William Schwartz, MD 


Computer simulations can provide both a clinical experience for teaching problem solving and a method of 
documenting a student’s clinical reasoning style. The CAMPS simulation consists of approximately 500 items 
describing a patient’s history, physical examination and laboratory results, and treatments. The student has 
full option to select any item in any order, producing a wide variation of performances. Since all of the 
students interact with the same clinical problems, the faculty member can make comparisons of that 
individual student with the class. From the record of the simulation encounter, the person responsible for 
student evaluations can prepare a narrative that lists the overall performance, the specific omissions and 
commissions, and comparisons with the class. Experience with a group of 111 students in a basic pediatric 
course showed that this method of documenting clinical inquiry detected a variety of levels of performances. 
Comparisons of the results of these tests with the faculty observations showed that 16% of these students 
who were judged to be very good or excellent in problem solving by the faculty performed at least 1 SD 
below the class average on the simulations. This project highlights the power of computer simulations to 
provide documentation of student performance with the additional benefit of a cost of less than $1 per 


student (AJDC. 1989;143:575-579). 
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The Rudimentary First Rib 


A Cause of Thoracic Outlet Syndrome With Arterial Compromise 


Fritz Baumgartner, MD; Ronald J. Nelson, MD; John M. Robertson, MD 


è The symptoms of thoracic outlet syndrome are neurologic, 
not vascular, in more than 95% of cases. Subclavian artery com- 
pression is usually related to cervical ribs; however, congenitally 
abnormal first ribs may also produce vascular compromise. We 
review our two cases of thoracic outlet syndrome associated 
with significant subclavian artery compression caused by rudi- 
mentary first ribs and the prior literature emphasizing the mecha- 
nism of injury, diagnostic features, and treatment. Transaxillary 
resection of the first and second ribs was curative in both cases. 
The operative specimens demonstrated fusion of the rudimenta- 
ry first rib to the second rib, with compression of the subclavian 
artery by a large first-rib exostosis. Patients with thoracic outlet 
syndrome and a rudimentary first rib should be examined for 
substantial vascular compromise, and, if it is found, the abnor- 
mal first and second rib complex should be resected early with- 
out prolonged conservative measures. 

(Arch Surg. 1989:124:1090-1092) 


he thoracic outlet syndrome (TOS) is a constellation of 

neurovascular symptoms arising from anatomic com- 
pression at the thoracic outlet. The compression may be 
caused by bony er soft-tissue structures. Bony anomalies 
include cervical ribs, hypertrophied clavicles, and transverse 
vertebral processes. Soft-tissue anomalies include anterior or 
middle scalene or pectoralis minor muscular hypertrophy and 
anomalous fibromuscular bands. The symptoms of TOS are 
usually neurologie, including paresis, hypesthesias, pares- 
thesias, and dysesthesias of the arm. The vascular complica- 
tions of TOS are uncommon and occur in less than 5% of cases.’ 
When subclavian artery compression is present in TOS, it is 
usually related to cervical ribs.** Congenitally abnormal first 
ribs, however, have been reported to result in vascular com- 
promise.** We have recently treated two patients with TOS 
and substantial vascular compromise produced by rudimenta- 
ry first ribs and their associated second-rib synostosis. Tran- 
saxillary first- and second-rib resection resulted in relief of 
symptoms of TOS in both patients. We emphasize that in 
patients with TOS and a congenital rudimentary first rib, one 
should suspect significant vascular compromise and perform 
arteriography. Early surgical intervention for vascular le- 
sions is warranted. 


REPORT OF CASES 


CASE 1.—A 19-year-old black man presented with a 2-year history 
of chronic weakness, early onset of fatigue, numbness, and claudica- 
tion in his left upper extremity when he exercised this limb. A routine 
chest roentgenogram revealed a rudimentary left first rib and its 
associated second-rib synostosis. A bruit and a thrill were found in 
the left supraclavicular region, and marked diminution of the radial 
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pulse with the left arm abducted and externally rotated was noted. 
Angiography revealed narrowing of the left subclavian artery just 
distal to the takeoff of the thyrocervical trunk, with mild poststenotic 
dilatation. On abduction and external rotation of the left arm, there 
was complete occlusion of the artery at the point where it crossed the 
rudimentary first rib, with reconstitution of the axillary artery via 
extensive collaterals (Fig 1). Results of an ulnar nerve conduction 
study were normal. Because of the subclavian artery compression 
with poststenotic dilatation, operative intervention was favored 
rather than a course of physical therapy. 

The patient underwent transaxillary resection of the left first and 
second ribs, which were found to be joined 3 em lateral to the 
vertebral joint and formed a “single plate” structure that coursed 
anteriorly. There was a bony exostosis on the anterosuperior surface 
of the first rib to which the scalenus anticus muscle was attached. This 
exostosis directly compressed the subclavian artery and lower bra- 
chial plexus trunk. The patient recovered uneventfully, with no 
further complaints attributable to TOS. 

CasE 2.—A 21-year-old Hispanic man presented with a l-year 
history of tingling in his arms and hands bilaterally associated with 
progressive weakness, pallor, and early fatigue of the arms when he 
raised them at his job as an automobile mechanic. He had been treated 
previously at another hospital with a course of physical therapy 
without improvement. The patient’s radial pulses were obliterated 
bilaterally when his arms were abducted to 80°. The patient had 
bilateral rudimentary first ribs and associated second-rib synostosis 
as seen on a chest roentgenogram (Fig 2). Bilateral subclavian 
angiograms revealed dynamic obstructions of each subclavian artery 
at the level of the first rib and associated bilateral (more marked on 
the left side) poststenotie arterial dilatation (Fig 3). The patient 
underwent first- and second-rib resection on the left side via the 
transaxillary approach. At operation, a rudimentary first rib was 
found to be joined with the anterior margin of the second rib, forming 


Fig 1.—Left subclavian arteriogram (case 1) with the arm abducted 
and externally rotated demonstrating complete occlusion of the sub- 
clavian artery as it crosses the rudimentary first rib, with reconstitution 
of the axillary artery by extensive collaterals. 
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a union that was approximately 3 cm wide and 1 cm thick. At the point 
of subclavian arterial aneurysmal development, the vessel was found 
to be resting on a large bony exostosis of the anterosuperior part of 
the first rib, which served as the point of attachment of the scalenus 
anticus muse e. It was this bony exostosis that compressed the sub- 
clavian artery and resulted in the vascular compromise (Figs 4 and 5). 
The patient dod well after surgery, with resolution of his symptoms on 
the left side. Six weeks later, he had a transaxillary first- and second- 
rib resection en the right side with similar findings. Again, he did well 
after surgery and his symptoms resolved. 


COMMENT 


The most common cause of TOS is an anomalous cervical 
rib, which is present in up to 1% of healthy individuals and is 
bilateral in half of these.” However, only 5% to 10% of individ- 
uals with cervical ribs have symptoms of TOS. The scalene 





Fig 2.—Chest roentgenogram (case 2) demonstrating bilateral rudi- 
mentary first abs. Note the more limited development of the first ribs on 
the left side and the accompanying roentgenographic appearance of a 
first- and secend-rib synostosis (arrow). 


muscles may also produce TOS by compression of the subela- 
vian vessels or brachial plexus. Normally, the anterior sca- 
lene muscle inserts onto a bony tubercle of the first rib. The 
subclavian vein lies anterior to this insertion, while the sub- 
clavian artery and brachial plexus are posterior, between it 
and the middle scalene muscle that inserts on to the first rib. 
Hypertrophy of these muscles or an abnormal insertion may 
produce TOS.” Less common causes of TOS include first-rib 
and clavicle fractures,” clavicle pseudoarthrosis,’ or hyper- 
ostosis,” spasm of the pectoralis minor muscle caused by 
costochondritis,” and enlargement of the seventh cervical 
transverse processes. “ 

The symptoms of TOS are mainly neurologic in 95% to 99% 
of patients." The most common symptom is pain, usually in 
the distribution of the ulnar nerve.” Paresthesias, hyperthe- 
sias, and weakness may occur in the same distribution. Neu- 
rologic symptoms of TOS are sometimes divided into involve- 
ment of the upper (C-5, C-6, or C-7) or lower (C-8 or T-1) 
cervical nerves of the brachial plexus. Scalenectomy is be- 
lieved to be useful for upper nerve compression, while first- 
rib resection is favored for lower nerve compression. ®*” In 
both cases, physical therapy is the first line of treatment. 

Symptoms caused by subclavian artery compression is un- 
common in TOS. Roos” stated that it has little to do with the 
cause of symptoms in 99% of patients. Testing for obliteration 
of the radial pulse is of little value in TOS, since the syndrome 
is neurologic in 95% to 99% of patients, and up to 92.6% of 
asymptomatic, healthy subjects were found to have this find- 
ing in at least one upper extremity tested in an elevated arm 
position.” When subclavian artery compression occurs, cervi- 
cal ribs are the cause in most patients.” 

Congenitally abnormal first and second ribs**” can also lead 
to TOS. First-rib abnormalities occur in 0.07% to 0.5% of the 
population. In one study of 38 first-rib anomalies, 2 were 
bilateral and 2 were symptomatic,” a 5% incidence that is 


Fig 3.—Left, Left subclavian arteriogram (case 2) with the arm adducted demonstrating significant poststenotic dilatation of 
the subclavian artery. Right, Left subclavian arteriogram (case 2) with the arm abducted and externally rotated demonstrat- 
ing the beginning of the dynamic obstruction to the subclavian artery at the level where it crosses the rudimentary first rib. 
Further abduction of the arm resulted in complete occlusion at this level. 
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Fig 4.—Operative specimen from the first- and second-rib resection on 
the left side (case 2). Note the groove behind the large first-rib bony 
exostosis, in which the subclavian artery was compressed (solid 
arrow) and the synostotic relationship between the tip of the first rib 
and the resected second rib (open arrow). 


similar to that for cervical ribs. There is a high incidence of 
vascular symptoms in first-rib abnormalities, unlike cervical 
ribs, which produce neurolegic symptoms in 99% of cases. 
Fourteen patients with TOS resulting from rudimentary first 
ribs have been described elsewhere." Nine patients had 
vascular symptoms eaused by compression of the subclavian 
artery, including two with a subclavian aneurysm and mural 
thrombi.*’ Five patients had neurologic symptoms only. Four 
of the nine patients with vascular symptoms also had neuro- 
logic problems. 

Nine of the 14 patients underwent surgery. All 5 patients 
with extended first-rib resections were relieved of their 
symptoms, except for 1 patient who had a subclavian aneu- 
rysm with brachial artery embolus who did not undergo an- 
eurysmectomy or brachial embolectomy.’ Four patients who 
underwent scalenectomy, limited first-rib resection, or both 
had recurrence of their symptoms despite initial relief in 3.” 
Reoperation with more extensive first-rib resection, includ- 
ing the abnormal fusion of the first and second ribs, was 
performed in 3 patients, resulting in marked improvement. 

Most cases of a rudimentary first rib with TOS describe a 
hypoplastic first rib joining with the anterior margin of the 
second rib. In many patients, a large bony exostosis is at the 


Anterior Scalene Muscle 
T Scalene Muscle 


Posterior Scalene 
Muscle 


Brachial Plexus 


Poststenotic 
Dilatation 

of Left 
Subclavian 
Artery 


Ik nes Atretic First Rib 


Second Rib 





Fig 5. — Basic pathologic arrangement of the rudimentary first rib. Note 
the subclavian artery crossing the rudimentary first rib behind the large 
bony exostosis produced by the insertion of the anterior scalene 
muscle. The rudimentary nature of the first rib allows for a more 
posterior insertion of the anterior scalene muscle on an abnormal bony 
mass, which compresses the subclavian artery directly and leads both 
to the symptoms of upper extremity vascular compromise and post- 
stenotic dilatation. The dotted lines describe the course of a normal 
first rib. 


anterior border of this synostosis, to which the scalenus anti- 
cus muscle inserts. This exostosis compresses the neurovas- 
cular structures. This pattern was bilateral in one of our 
patients and unilateral in the other. 

The vascular abnormality in TOS is produced by compres- 
sion of the subclavian artery with poststenotic dilatation pro- 
gressing to aneurysm formation, mural thrombosis, and em- 
bolization of thrombi in more advanced cases. Scher et al” 
classified the stages of arterial injury based on 12 cases. Stage 
1 was a cervical rib associated with stenosis, often with minor 
poststenotic dilatation. Cervical rib resection alone was suffi- 
cient treatment. Stage 2 included intimal lesions, intralu- 
minal thrombus, or subclavian aneurysm. Resection of the 
involved vascular segment in addition to removal of the cervi- 
cal rib was recommended. Stage 3 involved arterial lesions 
with distal thromboembolic complications. Resection of the 
cervical rib and aneurysm and distal thromboembolectomy 
were required. The patients in our report would be classified 
as having stage 1 injury. 
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Pancreatic Transection 


A Concept of Evolving Injury 


H. Mathilda Horst, MD, Brack A. Bivins, MD 


© We describe the difficulties in diagnosing a pancreatic injury 
in two patients with multiple injuries who did not have an obvious 
need for a celiotomy. Multiple diagnostic tests were employed, 
but in each patient, there was a delay in the diagnosis of the 
injury. A pancreatic injury may evolve over time so that repetitive 
clinical diagnostic studies may be required to evaluate the condi- 
tion of these patients. 

(Arch Surg. 1989;124:1093-1095) 


I n the spectrum of injuries after trauma, a pancreatie injury 
is relatively uncommon with a reported incidence cf 2% to 
12%.'* Pancreatic injuries range in severity from simple con- 
tusions and lacerations to ductal disruption and transection 
with pseudocyst, abscess, or fistula formation. The majority 
of pancreatic injuries are associated with other visceral inju- 
ries and are found at the time of a celiotomy. An isolated 
injury to the pancreas is rare and occurs more frequently with 
blunt trauma than with penetrating trauma.* While injury to 
the pancreas is rarely fatal, the morbidity and mortality of 
pancreatic injuries increase with associated abdominal organ 
and vascular injuries, late diagnosis, and ineffective 
management. 

A preoperative diagnosis of an isolated pancreatic injury 
after blunt trauma is difficult and challenging.’* Diagnostic 
methods, including serial examinations of the abdomen with 
serum amylase determinations, diagnostic peritoneal lavage, 
and computed tomography, are used. Early use of one or a 
combination of these diagnostic modalities may still fail to 
detect the isolated pancreatic injury. The final diagnostic 
examination is laparotomy, coupled with a thorough pancre- 
atic exploration. One explanation for the difficulty in the 
diagnosis of a pancreatic injury may be that these injuries 
“evolve” over time. For example, in pancreatic transection, 
the pancreas may autodigest along the line of injury and not 
become clinically apparent for many hours or days following 
the traumatic event. We describe two patients whose pancre- 
atic injury was difficult to diagnose; their conditions were 
suggestive of the phenomenon of an evolving injury. 


REPORT OF CASES 


CASE 1,—This 27-year-old white woman was a pedestrian who was 
struck by a car. At the scene, she complained of leg and back pain. 
After placement of a cervical collar and mast trousers, she was 
transported to a hospital emergeney department. At admission, she 
was awake and talking, with a systolic blood pressure of 70 mm Hg, 
pulse rate of 58 beats per minute, and respiratory rate of 18 breaths 
per minute. Resuscitation to a blood pressure of 124/66 mm Hg was 
achieved with 4 L of Ringer’s lactate solution and 3 U of blood. On 
examination, she was seen to have small lacerations of the chin and 


right hand, mild abdominal tendemness, and bilateral lower-extrem- 
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ity fractures. Laboratory evaluation showed a white blood cell count 
of 25.9 x 10°/L, a hemoglobin level of 104 g/L, a hematocrit of 0.314, 
and an amylase level of 146 U/L. Cervical spine and chest roentgeno- 
grams were normal, while films of the pelvis showed a left superior 
ramus fracture with widening of the left sacroiliac joint. Films of the 
extremities confirmed a right spiral nondisplaced femur fracture and 
left proximal tibia and fibula fractures. Because the urinalysis 
showed blood cells, an intravenous pyelogram was obtained that 
showed prompt visualization of both kidneys and elevation of the 
bladder floor secondary to a pelvic hematoma. A supraumbilical open 
peritoneal lavage disclosed 0.011x10°/L red blood cells and 
0.022 x 10°/L white blood cells. Initial hospital management included 
stabilization of the lower-extremity fractures, blood replacement, 
and intravenous fluids. Forty-eight hours after admission, the pa- 
tient complained of increasing abdominal pain. Her abdomen was 
distended, and she had a temperature of 38.2°C. Serial assessment 
showed her serum amylase level to have increased from 146 to 837 
U/L. A computed tomographic scan of the abdomen was consistent 
with transection of the pancreas (Fig 1). Intraoperatively, this 
diagnosis was confirmed. A distal pancreatectomy, splenectomy, and 
drainage were performed. The subsequent hospital course was pro- 
longed and included respiratory failure and operations for small- 
bowel obstruction and upper gastrointestinal tract bleeding. This 
patient was discharged after 94 days to a rehabilitation facility and 
has been walking with a minimal limp 3 years after injury. 


Findings from a diagnostic peritoneal lavage performed at 
admission were normal as were results of a clinical evaluation 
of this young woman’s abdomen. During the subsequent 48 
hours, she became obviously ill, and pancreatic transection 
was demonstrated on a computed tomographic scan (Fig 1). 


CasE 2. — This 39-year-old black man was found unconscious with a 
crushed motorcycle helmet beside a motorcycle. At arrival in a hospi- 
tal emergency department, he was comatose with agonal respira- 
tions. He had an open depressed skull fracture with a dilated and fixed 
left pupil and a fracture dislocation of his right ankle. Initial manage- 
ment included nasotracheal intubation with hyperventilation, moni- 
tored intravenous fluids, and splinting of his fracture. Before opera- 
tion, computed tomographic examinations of the head and abdomen 
were obtained. Multiple orbital floor fractures and subarachnoid and 
subdural hematomas with compression of the ventricle were identi- 
fied on computed tomographic scans of the head. An abdominal 
computed tomographic scan was suggestive of a pelvic hematoma, 
but no free intra-abdominal fluid was identified. The pancreas ap- 
peared to be normal (Fig 2). A craniotomy with elevation and 
débridement of the left-sided frontal skull fracture, repair of the 
frontal sinus, and a left-sided frontal lobectomy were performed. An 
intracranial pressure monitor was placed at that time. Two hours 
postoperatively, hypotension developed in the patient with a systolic 
blood pressure of 75 mm Hg that responded to a 5-U blood transfu- 
sion. An infraumbilical peritoneal lavage demonstrated gross bleed- 
ing. In view of the previous computed tomographic scan, the bleeding 
was presumed to be related to the pelvic fracture. After stabilization 
of his blood pressure, roentgenograms of the pelvis and lower ex- 
tremities were obtained. A pelvic symphysis separation and distal 
fibula fracture were identified. Angiograms of the pelvis were done 
because of his continued requirement for blood transfusions. A 
branch of the external iliac artery was bleeding, and an internal iliac 
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Fig 1.—Case 1. Computed tomographic scan of the abdomen ob- 
tained 48 hours after admission because of increasing abdominal pain 
and rising amylase values. The arrow points to the area of pancreatic 
transection that was confirmed at operation. 


arteriovenous fistula was found. With embolization of these areas, 
the patient’s condition stabilized, and no further transfusions were 
required. The subsequent intensive care unit course was complicated 
by hypernatremia, myocardial contusion, continued coma, develop- 
ment of a carotid artery cavernous sinus fistula, and gram-negative 
pneumonia. Despite antibiotic treatment of the gram-negative pneu- 
monia, on postoperative day 8, a temperature of 39.4°C and an 
elevated white blood cell count developed in the patient. The amylase 
value was 708 U/L. and a repeated amylase value was 511 U/L. A 
repeated computed tomographic scan of the abdomen was suggestive 
of traumatic transection of the pancreas with inflammation of the 
retroperitoneum (Fig 3). At laparotomy, the patient was found to 
have transection of the panereas just beyond the surgical neck with 
retroperitoneal inflammation. A distal pancreatectomy with drain- 
age was performed. Following a celiotomy, the patient had respira- 
tory failure and slow improvement of his neurologie status. After 123 
days of hospitalization, he was transferred to a rehabilitation 
program. 

On the initial computed tomographic scan of the abdomen, there 
was no evidence of a pancreatic injury. On the follow-up examination, 
8 days after injury, the pancreatic injury was identified (Figs 2 and 3). 


COMMENT 


A pancreatic injury is most often diagnosed at a celiotomy 
for an intraperitoneal injury after trauma. The majority of 
pancreatic injuries following blunt and penetrating trauma 
are associated with other visceral and vascular injuries.” 
These associated injuries dictate a celiotomy. Difficulty in the 
diagnosis of pancreatic trauma occurs in those patients with- 
out obvious indications for abdominal exploration. Our two 
cases illustrate the problem with an early diagnosis in the 
blunt trauma patient with multiple injuries. 

Factors that make an early diagnosis of pancreatic injuries 
difficult include the delay in symptoms and masking of the 
clinical picture by extra-abdominal injuries. The delayed on- 
set of signs and symptoms demonstrated by our patients is not 
uncommon. Typically, the clinical manifestations of a pancre- 
atic injury appear slowly. Patients with a pancreatic injury 
can remain asymptomatic hours, days, weeks, or even 
months after the injury. Complete pancreatic transection has 
been reported in patients who were asymptomatic for 5 days 
after injury.** The retroperitoneal position of the pancreas, 
secretory inhibition, and failure of pancreatic enzyme activa- 
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Fig 2.—Case 2. Computed tomographic scan of the abdomen ob- 
tained on the day of admission that does not suggest a pancreatic 
injury. 





Fig 3.—Case 2. Because of the fever and elevated amylase values, a 
repe@ed computed tomographic scan of the abdomen was obtained 
on daw 8. The arrowhead points to the suspicious area of inflammation. 


tion have been proposed as explanations for the delay of 
clinieal manifestations following pancreatic injury.*”’ 

In patients with multiple injuries, the mild or delayed 
symptoms of a pancreatic injury can be masked by head, 
chest, pleura, or skeletal injuries. Coma, as in patient 2, or 
pelvic fractures with hematoma confuse the clinical examina- 
tion results, making the diagnosis of pancreatic or other 
abdeminal injuries difficult. In these situations, a clinical 
examination is augmented by determination of serum amy- 
lase values, computed tomography, or diagnostic peritoneal 
lavage. 

A though mild upper abdominal tenderness associated with 
elevated serum amylase values after blunt trauma is sugges- 
tive of a pancreatic injury, the hyperamylasemia is poorly 
correlated with a pancreatic injury.’””"’ Complete transection 
of the pancreas has been identified in patients with normal 
serum amylase values.” White and Benfield’ reported that 
preaperative serum amylase values were elevated in only 15 
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Fig 4.— Injury to the parenchyma of the pancreas occurs secondary to 
a force applied to the abdomen. During subsequent hours, éutodiges- 
tion may occur in the area of contusion, leading to what is identified as 
pancreatic transection. 


of their 58 patients with pancreatic injuries. Conversely, in 
patients with elevated serum amylase values following blunt 
trauma, one third of patients had no abdominal injury, and 
only 8% of patients had a pancreatic injury." Elevation of the 
serum amylase level after blunt trauma is nonspecific for a 
pancreatic injury. Further identification of isozymes of pan- 
creatic-specific amylase has failed to improve the identifica- 
tion of a pancreatic injury.’ While single amylase determina- 
tions are not helpful, serial determinations may be useful as 
demonstrated in these two patients. Steadily rising amylase 
levels after blunt trauma strongly suggest a pancreatic 
injury.” ™ 

Both diagnostic peritoneal lavage and computed tomogra- 
phy are used to detect an intra-abdominal injury following 
blunt trauma, usually in patients with indeterminate abdomi- 
nal examination results. Although diagnostic peritoneal la- 
vage accurately detects intraperitoneal bleeding, the mea- 
surements of amylase in the dialysate fluid to detect a 
pancreatic injury has been disappointing. ™” Although ex- 
perimental studies indicate that an elevated lavage amylase 
level should occur with a pancreatic injury, “ clinically, Olsen” 
found that only 8% of patients with elevated lavage amylase 
values had a significant pancreatic injury. Alyono and Perry” 
have recommended elimination of routine lavage amylase 
testing because the yield is low and the cost is high. 

The diagnostic peritoneal lavage in these two patients was 
used to rule out an intraperitoneal injury. The lavage dis- 
closed normal findings in patient 1 by standard criteria. An 
indeterminate result was found in patient 2, and the blood 
obtained by lavage was related to a vascular injury ĉrom the 
pelvic fracture demonstrated by arteriography. Neither pa- 
tient’s lavage fluid was tested for amylase. 

Because diagnostic peritoneal lavage cannot evaluate ret- 
roperitoneal structures and is invasive, computed tomo- 
graphic scans of the abdomen have been suggested as an 
alternative means of evaluation. Initial reports were enthusi- 
astic; however, subsequent reviews have indicated injuries 
may be missed." Pancreatic lesions identified by a computed 
tomographic scan include pseudocysts, lacerations, and con- 
tusions.” Computed tomographic findings of a pancreatic in- 
jury may be very subtle and require a high-quality scan for 
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definition.” Jeffery et al” have reported two false-negative 
computed tomographic scans in patients with a pancreatic 
fracture. These patients underwent scanning within 12 hours 
of injury, allowing little time for development of soft-tissue 
changes.” We were unable to diagnose a pancreatic injury in 
patient 2 based on the initial computed tomographic sean (Fig 
2). Both patients, however, had an abnormal computed tomo- 
graphic scan after the serum amylase level became elevated. 
Reliance on an immediate or initial computed tomographic 
scan to evaluate the pancreas after blunt trauma may be 
misleading. 

The clinical course of the two patients presented here sug- 
gested that the pancreatic injury evolved over time. In this 
scheme, the pancreas may be contused by the initial impact 
and then autodigest along the line of contusion to develop 
what is ultimately recognized as a “pancreatic transection” 
(Fig 4). This sequence of events would explain some of the 
difficulties observed with the early diagnosis of isolated pan- 
creatic trauma. At the very least, the clinical course of these 
two patients and the serial computed tomographic scans in 
patient 2 suggest that time is required for the inflammatory 
reaction, consequent to a pancreatic injury, to become visible 
on computed tomographic scanning. 

The diagnosis of a pancreatic injury in the blunt trauma 
patient with multiple injuries who does not require an imme- 
diate celiotomy is difficult. There is no absolutely reliable 
method of early diagnosis. Suspicion of injury to the pancreas 
is the key to diagnosis. A rational approach is to evaluate 
initially the trauma patient who has multiple injuries with 
either diagnostic peritoneal lavage or computed tomography 
and to monitor serial amylase values. If these determinations 
rise or remain elevated, computed tomography should be 
repeated. If these levels are normal and suspicion persists, a 
celiotomy is warranted. 
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GENERAL SURGEON — Kaiser Permanente's 
Kansas City region is experiencing continuous 
membership growth and is seeking a second board- 
certified general surgeon. Our six medical offices 
are strategically located throughout the city and two 
area hospitals are utilized. Kaiser Permanente is a 
nation-wide health care program that has enjoyed 
success since its inception in 1942. We offer excel- 
lent salary and benefits, fully-paid malpractice 
insurance, and are academically affiliated. Send CV 
or contact: Larry McDonald, MD, 6900 Squibb Road, 
Suite 201, Shawnee Mission, KS 66202. (913) 
384-9090. 


NEW HAMPSHIRE — Sologeneral surgeon, BC/BE, 
for full-spectrum practice which includes C-sections 
and minor vascular procedures. Affiliated with 
modern, 32-bed, acute care hospital. Staff includes 
two internists and four family physicians. State- 
of-the-art radiology equipment. Live in beautiful 
Dixville Notch area. Enjoy rural lifestyle in family- 
oriented community. Generous guarantee and 
benefits. Please send CV to: New England Health 
Search, 63 Forest Avenue, Orono, ME 04473; or call 
(207) 866-5680 or (207) 866-5685. 

ESTABLISHED GROUP in coastal community 
seeks BC/BE surgeon. Join busy university-trained, 
board-certified surgeons in Cape Cod area practice. 
Good coverage, competitive package, one hour 
from Boston and Providence, Rhode Island. Great 
opportunity! Send CV to: P.O. Box 471, Wareham, 
MA 02571. 


PLEASE NOTE— Address replies to box number 
ads as follows: Box number, , C/o AOS, 
P.O. Box 1510, Clearwater, FL 34617. 
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ORTHOPEDIC SURGEON for Oberlin, Ohio multi- 
specialty group to serve growing patient load. 
Northern Ohio college town serving drawing area 
275,000. Salary first year with full shareholder status 
available thereafter. Send CV to: Dr. VanDyke, 224 
West Lorain, Oberlin OH 44074. 


PACIFIC NORTHWEST — Group Health Coopera- 
tive of Puget Sound, a 365,000-member prepaid 
group practice, currently has positions available for 
a general surgeon. Referral only practice in a multi- 
specialty organization. To inquire, write: Director of 
Medical Staff Personnel, Group Health Cooperative 
of Puget Sound, 521 Wall Street, Seattle, WA 98121. 


EASTERN MAINE — BC/BE solo general surgery 
position with cross coverage in rural community, 
forty minutes from educational and cultural center 
and major university. Affiliated with 44-bed com- 
munity hospital. Competitive net salary guarantee 
and benefit package. Enjoy Maine's pristine lakes 
and mountain vistas. Please send CV to: New 
England Health Search, 63 Forest Avenue, Orono, 
ME 04473; or call: (207) 866-5680 or (207) 866-5685. 


SEEKING A GOOD, personable, hardworking vas- 
cularthoracic surgeon to assist in caring for my 
patients. Must be willing to perform general surgery. 
Partnership potential in near future. Send salary 
requirements and curriculum vitae to: Box #901, c/o 
AOS. 


NEED A DOCTOR? For the most comprehensive 
coverage to specific specialties and select sub- 
specialties, put your recruitment ad in an AMA spe- 
cialty journal. We target your ad to the physician 
you want. To schedule your ad call our “Classified 
Advertising” office: National (800) 237-9851; Florida 
(800) 553-8288. 
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A DIFFERENCE! 


Openings Available 
In California 
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The State of California Department of Corrections 





GENT OF CORD 


has outstanding opportunities and excellent benefits. If 
you are interested in opportunities for innovation, pro- 
fessional growth and promotion, 


Call Today: 
(916) 739-2982 
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SOUTHEAST FLORIDA — Orthopedic surgeon. 
Excellent opportunity for an othopedic surgeon 
with training/experience in hands to establish a luc- 
rative practice in the Ft. Lauderdale area. Option of 
going solo with financial assistance from our 204- 
bed hospital or join a group of four orthopedists 
located in the hospital's medical office building. For 
further information send CV to: John Hollander, 
Professional Relations, Humana Inc., Department 
AOS-9A, 500 West Main Street, Louisville, KY 
40201-1438. Or call toll-free: (800) 626-1590. 


SAN JOSE: The Permanente Medical Group seeks 
two BC/BE surgeons: one general surgeon, and one 
surgeon to do both general and vascular surgery. 
We are a nine-surgeon department with modern 
offices adjacent to a 180-bed hospital equipped with 
seven operating rooms. We handle a ful! range of 
general thoracic, vascular and plastic surgery cases, 
and our group includes about 100 fully trained phy- 
sicians in all specialties. Located in San Jose, Cali- 
fornia, a cityof 750,000 people, we are in the heart of 
Silicon Valley, only one hour south of San Francisco 
and well situated to the Pacific Ocean beaches, 
Carmel/Monterey, Stanford University Medical 
School and skiing. We offer a competitive salary and 
excellent benefits. Please send CV to: Richmond 
Prescott, MD, Physician Recruitment Services, 
Department AS-5154, The Permanente Medical 
Group, Inc., 1814 Franklin, 4th Floor, Oakland, CA 
94612. EOE. 


ORTHOPEDIC SURGEON — Beautiful, smog-free 
living in northern California with affordable housing 
and uncluttered highways. Regional acute care, 
211-bed, University of California affiliated hospital 
with full JCAHCO accreditation seeks full-time 
BE/BC orthopedist. Interesting and diverse practice 
opportunity with FP residency teaching responsibil- 
ities. Salary range $100,235-$124,172 with full 
benefit package and generous paid time off. CVs to: 
Anthony Sforza, MD, Nativadad Medical Center, 
P.O. Box 81611, Salinas, CA 93912-1611. 










The Doctor Is In... 


... private practice in the 
perfect community. 


if that’s your goal, Humana can help. We 
have over 80 hospitals in 20 states. Chances 
are we know of a private practice oppor- 
tunity in the location of your choice. Con- 
sider these communities: 


® General Surgeons è Otolaryngologists 
San Francisco Bay area Enterprise, AL 
Louisa, KY Atlanta, GA area 
Somerset, KY 
® Neurosurgeons College Station, TX 
Augusta, GA Greenbrier Valley, WV 
South Florida 
Dodge City, KS è Plastic Surgeons 
Lebanon, TN Chattanooga, TN 
Layton, UT 
® Urologists 
® Orthopedic Surgeons Central Florida 
Alabama Louisa, KY 
Los Angeles Co., CA Ville Platte, LA 
Central Flerida Beaumont, TX 


Houston, TX 
Greenbrier Valley, WV 


For more information about these and other 
private practice opportunities, send your 
CV to: Manager, Professional Relations, 
Humana Inc., Dept. AOS-9C, 500 West Main 












Street, Louisville, KY 40201-1438. Or call 


VASCULAR 
SURGEON 
FELLOW 


Deborah Heart & Lung Center 
is currently seeking qualified 
physician for fellowship train- 
ing or surgical rotations in 
Adult Vascular Surgery. 





Outstanding educational op- 
portunities with excellent sal- 
ary & benefits. Please contact 
Lynn B. McGrath, MD, Chair- 


man, Department of Surgery, 
(609) 893-6611, Ext. 634. 


Deborah Heart 


and Lung Center 
Browns Milis, NJ 08015 


Equal Opportunity Employer 






METROPOLITAN 
WASHINGTON, D.C. 


Board Certified or Eligible 
Thoracic, Vascular, Plas- 
tic, Neuro and General 
Surgeons wanted to join 
a multi-specialty group 
practice. Group serving 
250,000 members of Kai- 
ser Permanente of the 
Mid-Atlantic States Re- 
gion. Busy surgical prac- 
tice. Excellent salary and 
benefit package. Send CV 
with all inquiries to: 






















William J. McAveney, M.D. 

Physician Recruitment Director 

Capital Area Permanente 
Medical Group, P.C. 

4200 Wisconsin Avenue, N.W. 

Suite 300 

Washington, D.C. 20016 








GENERAL SURGEON 


To join three-person 
department in 90-physician 
fee-for-service, multi-specialty 
group in pleasant, growing 
community (150,000), 
11⁄2 hours from San Francisco 
and skiing. 


Must have interest, experience 
and/or training in 
trauma or trauma program. 
Excellent benefits. 


Contact: 


C.V. Allen, MD, 
Medical Director 
GOULD MEDICAL GROUP 
600 Coffee Road 
Modesto, CA 95355 


CHAIR 


DEPARTMENT OF 
SURGERY 


800-bed, regional tertiary care, university- 
affiliated teaching hospital is seeking a Chair- 
man for the Department of Surgery. The Allen- 
town Hospital — Lehigh Valley Hospital Center 
was the first Level | Trauma Center in the state 
and performs over 1,000 open heart surgery 
cases per year. The hospital sponsors accred- 
ited residency programs in general, plastic, 
and colon and rectal surgery. It is a compo- 
nent of HealthEast, a regional not-for-profit, 
multi-hospital system, and a clinical campus 
of Hahnemann University in Philadelphia 
where the successful candidate will hold a 
vice-cnair appointment in the department of 
surgery. The Allentown Hospital — Lehigh 
Valley Hospital Center is located in Allentown, 
a prosperous and desirable area in eastern 
Pennsylvania one hour from Philadelphia and 
one and one-half hours from New York City. 


Board-certified surgeons with administrative 
experience and familiarity with both academic 
and community hospital environments should 
write or call for more information (a brochure 
on the position is available) or send curricu- 
lum vitae in confidence to: 


Indru Khubchandani, MD, Chairman 
Search Committee 


c/o HealthSearch 
50 College Drive, Allentown, PA 18104 
(215) 778-7993 


We are an equal 
opportunity employer M/F/H/V. 












We 


Your New Kentucky Home 


Louisa Kentucky's strikingly beautiful loca- 
tion on the Kentucky-West Virginia border 
makes these surgical private practice 
opportunities ideal for those who enjoy 
the outdoors. Yet, Louisa is just 35 miles 
from the Huntington, West Virginia/Ashland, 
Kentucky metropolitan area of over 300,000. 
There are currently several private prac- 
tice opportunities available: 


General Surgeon: Excellent associate or 
solo practice (with coverage) opportunity 
is available with a very generous income 
guarantee and other amentties. 


Orthopedic Surgeon: Rewarding opportu- 
nity for an Orthopedic Surgeon to estab- 
lish practice with tne support of a very 
attractive financial and marketing pack- 
age. There are currently no Orthopedic 
Surgeons in this area of over 60,000 
people. 


Urologist: An aggressive, well-trained Urol- 
ogist is needed to establish private prac- 
tice, as well as serve as the Medical 
Director of this department at Humana 
Hospital-Louisa, our 90-bed acute care 
facility. The hospital is offering a very 
generous financial and marketing package. 


For more information, send your CV to: 
Paul Coogan, Professional Relations, 
Humana Inc., Dept. AOS-3, 500 West Main 
Street, Louisville, KY 40201-1438. Or call 


KAISER PERMANENTE 
Good People Good Medicine 


NORTH 
CAROLINA 


Kaiser Permanente has practice oppor- 
tunities available for BC/BE general 
surgeons in our Durham/Chapel Hill 
and Raleigh medical offices. 


Excellent salary and benefits include 
professional liability and medical cover- 
age, paid vacation and sick leave, holi- 
days, continuing education, retirement 
plan and shareholder opportunity. 


Direct letter of introduction and cur- 
riculum vitae to: 
Phyllis M. Kline 
Physician Recruitment 
Coordinator — ARS 


CAROLINA PERMANENTE 
MEDICAL GROUP, P.A. 
3120 Highweods Boulevard 
Raleigh, NC 27604-1018 


or call: 


(800) 277-CPMG or 
(919) 878-5874 
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Technique 


Peripheral Laser-Assisted Balloon Angioplasty 


Initial Multicenter Experience in 219 Peripheral Arteries 


Timothy A. Sanborn, MD; David C. Cumberland, MD; Alan J. Greenfield, MD; Amir Motarjeme, MD; 
Donald E. Sehwarten, MD; D. Richard Leachman, MD; Ernest J. Ferris, MD; Richard K. Myler, MD; 
Timothy C. McCowan, MD; Daniel Tatpati, MD; Robert Ginsburg, MD; Robert I. White, MD 


è in this multicenter clinical series of peripheral laser- 
assisted balloon angioplasty with an argon laser-heated, 
metallic-capped fiberoptic, angiographic and clinical success 
was achieved in a total of 155 (71%) of 219 attempted lesions. 
When the amatomy of the lesion was subjectively categorized 
by the angicgrapher into those considered possible or impos- 
sible to treat by conventional balloon angioplasty, clinical 
success was achieved in 116 (78%) of 149 lesions considered 
possible to treat with balloon angioplasty (39 [95%] of 41 
stenoses and 77 [71%] of 108 occlusions). More importantly, 
clinical success was achieved in 39 (56%) of 70 lesions 
considered impossible to treat by conventional means. The 
incidence ef complications, including vessel perforation 
(4.1%), with this new technique was equal to that reported for 
conventional balloon angioplasty, decreased with operator 
experience, and was less than that reported for argon laser 
angioplasty with bare fiberoptics. Thus, laser thermal angio- 
plasty with a laser-heated, metallic-capped fiberoptic is a safe 
procedure that is easily learned by physicians skilled in 
interventional techniques. It allows for nonsurgical treatment 
of lesions considered difficult or impossible to treat by 
conventional balloon angioplasty. 

(Arch Surg 1989;124:1099-1103) 


gais experimental’: and clinical results in peripheral 
arteries** with a laser-heated, metallic-capped fiber- 
optic cathecer’ suggest that laser thermal angioplasty may 
be a safe and effective adjunct or alternative to conven- 
tional balloon angioplasty by increasing the initial clinical 
success rate in lesions such as total occlusions that are 
difficult or impossible to treat by conventional means*® and 
by decreasing the incidence of restenosis as demonstrated 
in experimental angioplasty.’ 

This inicial clinical experience with laser-thermal 
angioplasty** was reported from two centers (Boston Uni- 
versity Medical Center and Northern General Hospital, 
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Sheffield, England) with extensive experimental'* and 
prior clinical experience with argon laser angicplasty.® 
What remained to be determined was whether this new 
technique could be easily learned and used safely and 
effectively by physicians experienced in conventional bal- 
loon angioplasty techniques. The present report summa- 
rizes the initial multicenter experience from ten institu- 
tions as presented to the Food and Drug Administration 
Cardiovascular Devices Scientific Advisory Panel, Wash- 
ington, DC, on Jan 16, 1987. 


PATIENTS, MATERIALS, AND METHODS 
Patient Population 


Between April 1985 and November 1986, laser-assisted balloon 
angioplasty was performed in 219 peripheral arteries in 208 
patients. The indications for angioplasty were severe claudication 
that was unresponsive to exercise therapy and pentoxifylline in 
96 (44%) lesions and pain at rest or gangrene in 123 (56%) lesions. 
Nine straight iliac arteries and 210 femoropopliteal arteries were 
treated. There were 166 (76%) occlusions and 53 (24%) stenoses. 
Initial evaluation included a history and physical examination as 
well as a Doppler ankle-arm index (AAI), which was also used for 
follow-up after angioplasty. Informed consent was obtained from 
each patient in accordance with a protocol approved by the 
institutional review boards or ethical committee at each institution 
and the US Food and Drug Administration. Patients were pre- 
treated with oral aspirin (75 or 325 mg once a day) prior to the 
procedure. 


Laser Equipment 


The laser system used at all sites in the United States was a 14- 
W argon laser system (Optilase, model 900, Trimedyne Inc, Santa 
Ana, Calif) coupled to a sterile, disposable, laser-heated, metallic- 
capped fiberoptic that consisted of a 300-um core diameter 
fiberoptic with a 1.0- to 2.5-mm metallic cap at the distal end of 
the fiber (Laserprobe-PLR, Trimedyne Inc, Santa Ana, Calif). At 
Northern General Hospital, the laser-heated probe was coupled 
to a specific argon laser generator (Cooper Laser Sonics, Santa 
Clara, Calif).® 


Percutaneous Procedure 


All but eight of the procedures were performed via percutaneous 
arterial puncture of the ipsilateral femoral artery under local 
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anesthesia. After cannulation of the superficial femoral artery, a 
7.0F to 8.5F introducer sheath was placed and 5000 U of heparin 
was administered intra-arterially. After initial angiography to 
document the lesion, the laser-heated probe was inserted into the 
introducer sheath and advanced under fluoroscopic guidance to 
the proximal origin of the lesion until contact was made between 
the tip of the probe and the lesion as verified by angiography and 
tactile feedbaek. Five- to ten-second pulses of 8 to 13 W of argon 
laser energy were then delivered from the laser generator to the 
probe. After an initial warm-up period of 2 to 3 s while maintaining 
gentle pressure on the probe to initiate advancement, the probe 
was then advanced through the lesion with a continuous motion. 
Care was taken to keep the tip moving during laser pulse delivery 
and as it cooled down to avoid adherence to the arterial wall. If 
adherence was notec on gentle withdrawal of the probe, a repeated 
laser pulse was delivered to free the probe and a continuous 
motion was appliec te the tip during the subsequent cooling 
period. Progress of the probe through the lesion was monitored 
fluoroscopically with several injections of 3 to 5 mL of contrast 
solution given through the arterial sheath to confirm the position 
of the device. After the lesion was crossed with the laser-heated 
probe, one final pulse was delivered on slow withdrawal of the 
probe through the lesion to maximize the luminal diameter. When 
the probe tip reached the proximal end of the lesion, laser power 
was discontinued and the probe was moved back and forth for 5 s 
during cooling. The laser probe was then removed and an angio- 
gram was performed to document the luminal diameter produced 
by the procedure. 

As the lumina! diameter produced by laser thermal angioplasty 
with the current 1.8- to 2.5-mm-diameter device was considered 
inadequate in these large 4- to 5-mm peripheral vessels, the laser 
procedure was followed in all cases by conventional balloon 
angioplasty to obtain a definitive lumen that was documented by 
final angiography. The arterial sheath was subsequently removed 
and at some centers systemic heparin was administered for 24 
hours unless a hematoma was present. The patients were dis- 
charged from the hespital within 24 to 48 hours on a regimen of 
75 or 325 mg of aspirin a day. 


Local Femoral Cutdown Procedure 


In eight patients, 2ither marked obesity or high-grade proximal 
superficial femoral artery disease precluded a safe percutaneous 
approach. In these cases, under local anesthesia and mild sedation, 
a small cutdown was made to expose the common femoral artery 
for direct arterial puncture and subsequent laser and balloon 
angioplasty through an 8.5F sheath.’ 


Lesion Classification 


From previous assessment of the angiogram and/or by gentle 
probing at the proximal end of an occlusion with a guide wire 
(without an attempt to cross the lesion), all lesions were classified 
by the clinical investigator as to the probability of success by 
conventional peripheral balloon angioplasty (ie, pessible or impos- 
sible) as previously reported.* Prior failed attempts with conven- 
tional balloon angioplasty were considered in the impossible 
category. Altegether, 149 (68%) of these lesions were considered 
possible to treat by conventiona! balloon angioplasty, while almost 
one third (70) of these lesions were impossible to treat by 
conventional balloon angioplasty (Table 1). The incidence of pain 
at rest, ulcer, or gangrene in the possible and impossible categories 
was 52% and 66%, respectively. 


Interpretation of Results 


The results of laser-assisted balloon angioplasty were classified 
as follows: 

Angiographic and Clinical Success.—This was defined as an 
angiographic improvement in the lumina! diameter to less than 
50% residual stenosis, improvement of symptoms to the point at 
which the patients could resume their desired life-styles, improved 
pulse, and an increase in the Doppler AAI by greater than 0.15 
as previously described.**¢ 

Angiographic Success but Immediate Clinical Failure.—In this 
group, improvement in the angiegraphic appearance was less than 
ideal (small luminal diameter, significant lumina! irregularities). 
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Table 1.—Initial Angiographic and Clinical Results 


| . Mean Lesion Angiographic Clinical 
| Angioplasty Length, Success, Success, 
| Category N cm No. (%) No. (%) 
| Possible 128 (86) 116 (78) 
Stenosis 40 (98) 39 (95) 


Occlusions 88 (81) 77 (71) 


Impossible 44 (63) 39 (56) 
Stenosis 4 (100) 4 (100) 


Occlusions 66 40 (61) 35 (53) 


| Total 219 8.3 172 (79) 155 (71) 



















108 












Angiograms of 15-cm right superficial femoral artery occlusion. 
Left panel, Before treatment; middie panel, after recanalization 
with six pulses (5-s duration) of 12 W of argon laser energy 
delivered to 2.5-mm laser probe; and right panel, after dilation with 
6-mm balloon catheter. 


Symptoms were not relieved and the Doppler AAI did not increase. 

Angiographic Failure.—Inability to cross the lesion with the 
laser probe device or to improve the appearance of the lesion to 
less than 50% residual stenosis was considered an angiographic 
failure (technical failure). 


RESULTS 
Initial Angiographic and Clinical Results 


For this combined procedure of laser-assisted balloon 
angioplasty, the overall initial angiographic and clinical 
success for 219 lesions was 71%. As expected, the category 
of the lesion (possible or impossible) as well as the lesion 
length and type of lesion (stenotic vs occlusion) affected 
both angiographic and clinical success (Table 1). In the 
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possible category, clinical success was achieved in 39 (95%) 
of 41 stenoses and 77 (71%) of 108 total occlusions. Of 
particular note, in the impossible category of lesions, which 
constituted approximately one third of the total number of 
attempted lesions, clinical success was achieved in 39 (56%) 
of 76 lesions that had not been considered amenable to 
conventional balloon angioplasty or had failed previous 
attempts. 

Representative angiographic results of laser-assisted 
balloon angioplasty of a 15-cm right superficial femoral 
artery are shown in the Figure. In this patient the AAI 
rose from 0.46 to 1.06 after angioplasty. 


Laser Measurements 


In this study, the most commonly used laser probe size 
was the 2.0-mm-diameter metal tip. The average laser 
wattage was 10 W (range, 4 to 13 W). Of particular note, 
the average laser delivery time to recanalize these lesions 
was only 24 s (range, 5 to 113 s). 


Complications 


In this initial series that represents an expansion from 
two initial clinical centers to a total of ten, the complications 
that arose from laser-assisted balloon angioplasty were 
minimal (Table 2). Most notable, the perforation rate with 
this laser device was only 4.1% and there was no require- 
ment for emergency bypass surgery. This perforation rate 
was only 2.1% in those lesions considered possible to treat 
by balloon angioplasty alone. Brief mild to moderate pain 
was experienced by 40 (18.2%) of the patients during laser 
pulse delivery. 


Probe Detachment 


Early in this clinical trial, probe tip detachment from 
the fiberoptic occurred in four patients; all but one of these 
probes could be retrieved and removed. Subsequent to this 
early experience, a 0.014-in (0.035-cm) safety (anchor) wire 
was incorporated into the device to add stability to the 
union between the fiberoptic and the metal tip and to 
prevent further probe detachment. This wire runs along 
the entire intravascular length of the fiberoptic so that 
should tip detachment occur the probe could be retrieved. 
In addition, by keeping the probe moving constantly during 
laser delivery and the cooling period, it was found that 
adherence to the vessel wall, one of the potential causes of 
probe detachment, was significantly reduced. 


Learning Curve of Success and Complications 


In this multicenter clinical trial, clinical success and 
incidence of complications improved considerably as the 
operator gained experience with the laser probe device 
(Table 3). In terms of complications, the lowest incidence 
of perforations (0%) occurred at Boston University, where 
extensive experiments and a “tactile” sense for the device 
had been gained from prior experimental studies in ath- 
erosclerotic rabbits and postmortem specimens. However, 
clinical centers could also learn this technique and gain 
experience with the device quite rapidly without a high 
incidence of complication. For example, at Northern Gen- 
eral Hospital the incidence of perforation decreased from 
one (7%) in 14 patients to two (5%) in the first 40 patients 
and then te one (1.5%) in the last 65 patients. 


COMMENT 


In this initial multicenter clinical trial of peripheral 
laser-assisted balloon angioplasty, there is evidence that 
the technique (1) provides for rapid recanalization of lesions 
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Table 2.—Incidence of Complications in 219 Arteries 


Incidence With 
Conventional 
Balloon Angioplasty, 
% 


Probe Procedure ————~*—— 
Related, Related, Gardiner Sos and 
Complications No.*(%) No. (%) etal Sniderman’? 


Embolization 0 6 (2.7) 1.5 5 
Perforation 9 (4.1) 10 (4.6) eer 0-3 
Spasm 0 4 (1.8) ae 0-5 
Subintimal dissection 11 (5.0) 11 (5.0) 4 1 


*Number of complications in 219 patients. 





Table 3.—Learning Curve of Success and Complications 


Clinical _Intimal 
Success, Dissection, Perforation, 
N No.(%) No. (%) No. (%) 


19 16 (84)* 0 0 


Clinical Center 
Boston University 


Northern General Hospital, 
Sheffield, England 


Other 8 centers 


105 73 (70) 4 (3.8) 
95t 66 (69) 7 (7.4) 


*Numbers in parentheses represent percent of total attempts. 
tAverage of 12 per site. 


3 (2.9) 
7 (7.4) 





that are difficult or impossible to treat by balloon angio- 
plasty alone, (2) can be easily learned by angiographers 
experienced in interventional techniques, and (3) can be 
performed as safely as conventional balloon angioplasty. 


Short-term Angiographic and Clinical Success 


The overall short-term angiographic clinical success for 
all 219 lesions was 71%, with the likelihood of angioplasty 
success (possible or impossible) influencing immediate 
technical and clinical success (Table 1). For lesions consid- 
ered possible to treat by conventional balloon angioplasty, 
the clinical success rate of 78% is equal to or better than 
that reported in the literature for conventional balloon 
angioplasty.°*°* In this series, clinical success was achieved 
in 39 (95%) of 41 stenoses and in 77 (71%) of 108 total 
occlusions in this possible category. Laser thermal angio- 
plasty may not add to the initial success rate obtainable 
with conventional techniques in these situations, except 
possibly to increase the ease or speed of recanalization. 
However, by partially vaporizing a lesion and leaving 
behind a smoother luminal surface, the technique may 
result in less restenosis, as has been shown in experimental 
animals? and suggested clinically in femoropopliteal le- 
sions.'* These findings will obviously require clinical con- 
firmation before laser thermal angioplasty is recommended 
for lesions considered easy or possible to treat by conven- 
tional angioplasty alone. 

Potentially, one of the most important benefits of laser 
thermal angioplasty is the ability to quickly and safely 
recanalize lesions that are impossible to treat by conven- 
tional means. In particular, over one half (56%) of those 
lesions considered impossible to treat by balloon angio- 
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plasty alone could be successfully treated by laser-assisted 
balloon angioplasty. 


Pathophysiologic Mechanisms of Recanalization 


While there is a great deal of in vitro data showing that 
lasers can vaporize atherosclerotic lesions, clinical angiog- 
raphy is unable te determine to what extent laser recana- 
lization is true laser vaporization. The cardiovascular ap- 
plication of lasers may actually involve several 
pathophysiologic mechanisms. For example, in one study 
with this argon laser probe device, it was noted that 
increased pressure applied to the probe enhanced tissue 
ablation.’ It was postulated on the basis of these histologic 
observations that compression of residual cellular and 
tissue components resulted in a decrease in the vacuolated 
cellular space. Thus, both laser vaporization and thermal 
compression appeared to be two important mechanisms 
for this “contact” laser approach to atherosclerotic lesions. 
Additional studies are warranted to elucidate what propor- 
tion of laser recanalization is true laser vaporization of 
atherosclerotic mass and how much is mechanical enlarge- 
ment of the lumen. Presumably, other forms of energy 


(electrical, chemical, ete) could also be used to heat a metal- 


probe rather than laser energy; experimental and clinical 
studies are currently in progress to evaluate these possi- 
bilities. 


Complications 


In a trial that represents not only the clinical develop- 
ment stage of a new device but also early operator “learn- 
ing” experience, it is important to note that the incidence 
of various complications is no greater than that noted in 
two recent reports't” of conventional balloon angioplasty 
(Table 2). One early concern with laser angioplasty was 
the incidence of perforation, which complicated early clin- 
ical trials. In the present series, the 4.1% incidence of 
vessel perforation with no significant clinical sequelae is 
much lower than previous clinical series using bare argon 
laser fiberoptics for peripheral laser angioplasty in which 
vessel perforation was noted in two (13%) of 15° and three 
(19%) of 16"* vessels. 

The decreased incidence of vessel perforation with this 
device is probably multifactorial. From a design standpoint, 
the rounded but tapered tip provides a blunt object that is 
less likely to mechanically perforate the artery compared 
with sharp, pointed fiberoptics.' Also, the metal probe has 
been shown to disperse thermal energy uniformly around 
the tip so as not to focus all laser energy in one spot." 
Histologic analysis after the use of this device indicates a 
thermal effect around the entire luminal circumference of 
a diseased vessel.’ Thus, dispersion and circumferential 
distribution of thermal energy rather than an attempt to 
aim a narrow laser beam could also contribute to reduce 
perforation. Finally, vaporization of fibrofatty plaque with 
this laser probe device was possible at lower temperatures 
than in normal (elastic and collagen) tissue’; this may also 
contribute to reducing perforation. 


Technique Development 


The results and methods presented in this series of 219 
vessels represent the early stages of development of a new 
technique that will obviously be modified and adapted in 
the future. In addition to the techniques described in the 
“Patients, Materials, and Methods” section, two additional 
procedural techniques were found useful and are worth 
mentioning. 
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Tip Angulation by Wire Shaping 


Occasionally, in tortuous lesions or at bifurcations in the 
artery, some angulation of this straight but flexible fiber- 
optic and the rigid metal tip is necessary. As described 
above, early in this clinical trial, a 0.014-in (0.035-cm) 
guide wire was placed alongside the fiberoptic to add 
stability to the union between the metal tip and the 
fiberoptic. By shaping a gentle curve in the distal portion 
of this wire, a curve can also be maintained in the fiberoptic 
such that the metal tip can be rotated 360° in a fashion 
similar to torque guide wires. Care must be taken, however, 
to assure that this angulation is not too acute as the curve 
is fixed and may make further recanalization of a straight 
portion of the artery more difficult. Biplane fluoroscopy or 
use of multiple fluoroseopic views aids in the use of these 
angled probes. The ability to release the angulation, as in 
a tip-deflecting wire, would be a useful alternative to 
improve the steering of the device in the future. 


Balloon Advancement Over the Probe 


In extremely difficult or tortuous lesions, another tech- 
nique that has proved useful is the advancement of the 
balloon angioplasty catheter over the fiberoptic and the 
0.035-cm wire once the lesion has been crossed. In this 
situation, instead of recrossing the lesion with a guide wire 
that can cause a dissection, the fiberoptic and the wire 
actually serve as the “guide wire” for the balloon catheter. 
This technique has been quite helpful, particularly in 
diffusely diseased vessels. The sterile portion of the dis- 
posable fiberoptic does have to be cut about 2 m from the 
distal end to disconnect it from the nonsterile proximal 
end that is attached to the laser generator. A laser probe 
catheter with a central lumen large enough to accept a 
0.038-in (0.095-cm) guide wire is now under investigation!” 
and should further improve this exchange. 


CONCLUSION 


In this multicenter series of 219 peripheral artery laser- 
assisted balloon angioplasty procedures, there is evidence 
that the process of laser thermal angioplasty with an argon 
laser—heated, metallic-eapped fiberoptic allows for nonsur- 
gical treatment of lesions that are difficult or impossible 
to treat by conventional means. The technique can be easily 
learned and performed without added risk compared with 
conventional balloon angioplasty. More detailed, longer- 
term follow-up studies are warranted to determine the true 
clinical role of this emerging technology. In the future, 
larger expandable probes may provide adequate recanali- 
zation of peripheral lesions without the need for subsequent 
balloon angioplasty; sole laser thermal angioplasty may 
decrease the incidence of restenosis by leaving behind a 
smoother arterial lumen? than that presently observed 
(Figure). Future application in coronary arteries may also 
prove feasible. 181° 
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Invited Commentary 


Sanborn and colleagues innovated laser-assisted balloon 
angioplasty in 1985 and now report their observations from a 
multicenter clinical trial involving 208 patients (219 atheroscle- 
rotie lesions) with claudication (44%) or limb-threatening is- 
chemia (56%) as the indications for treatment. Overall angio- 
graphic and clinical success was reported in 155 (71%) of the 
treated lesions. However, immediate treatment results in the 
laser-assisted group considered “impossible to treat by conven- 
tional balloon angioplasty” were less impressive. Of the 70 
treated lesions in this category (32% of the total experience), 
only 39 (56%) were considered to be successful. When one 
reviews the entire series, additional clinical success was real- 
ized by application of the new technology in only 18% of the 
cases. While the authors correctly emphasize that laser- 


assisted angioplasty may result in lower restenosis rates, no 
data are presented from this series to corroborate this specu- 
lation. Furthermore, no early or even short-term hemodynamic 
and clinical follow-up is reported on these 39 treated lesions. 
Early and short-term results are needed before routine clinical 
application of this method can be recommended. While these 
authors are responsible for a potentially useful contribution to 
the treatment of occlusive vascular disease in the lower extrem- 
ities, enthusiasm for these techniques must be based on 
documentation of sustained clinical benefit rather than ease 
and safety of clinical application alone. 


RosBERT W. Hosson II, MD 
Newark, NJ 


In Other AMA Journals 


ARCHIVES OF INTERNAL MEDICINE 


Brain Metastases From Undiagnosed Systemic Neoplasms 
Michael P. Merchut, MD 


Fifty-six patients presenting with symptomatic brain metastasis but undiagnosed primary neoplasm were 
retrospectively studied. Metastases were almost equally solitary (57%) as multiple (43%), and 30% were 
cerebellar. Cerebral metastases were most often parietal (67%). Underlying cancers were diagnosed in 84% 
of patients, usually before death, with the remainder having equivocal or unknown primary cancers. Lung 
cancer was most common (68%), especially adenocarcinoma or small (“oat”)-cell types, followed by 
gastrointestinal primary cancers (9%), cancers of the bladder and thyroid (2% each), melanoma (2%), and 
lymphoma (2%). Breast cancer was remarkably absent, perhaps due to its greater systemic involvement 
prior to brain metastasis, or its earlier detection on physical examination. Overall group survival rates were 
55% (6 months) and 13% (12 months), and cerebellar and noncerebellar metastases had the same survival 
rate at 12 months. The diagnostic evaluation of these patients, often extensive and costly, should be 
individually tailored, as 23% had complaints or findings indicative of their underlying primary cancer. 
Overall, chest roentgenograms and computed tomograms of the chest were the tests of greatest yield, 
followed by computed tomograms of the abdomen and pelvis. A rationale for evaluation is presented (Arch 


Intern Med. 1989;149:1076-1080). 


Reprint requests to Department of Neurology, Loyola University Medical Center, 2160 S First Ave, 


Maywood, IL 60153 (Dr Merchut). 


Arch Surg—Vol 124, September 1989 
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The Surgery Boards Review Course 


October 4-10, 1989 — Chicago 
November 3-5, 1989 — Philadelphia 
December 8-10, 1989 — Atlanta 


Now, a special update for your recertification or written or oral exam 


OBJECTIVES: 


è To increase knowledge of surgical principles and practice 
è To prepare candidates to take written and oral board exams 
è To provide a comprehensive review for recertification 


METHODS: 


e HOME STUDY MATERIALS consisting of a syllabus of 
questions with assignments and answers 


e SEMINAR with projection slides and syllabus 


"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, 
not only from world-famous authorities but from people who are relatively unknown as well."* 


BASIC SURGERY 


Anatomy 

Embryology 
Physiology 

Body Fluids 

Electrolytes 

Acid-Base 

Blood Gasses 

Metabolic Response 

Wound Healing 
Anesthesiology 
Shock 

Resuscitation 

Bleeding 

Transfusion 
Neoplasia 
Transplantation 
Trauma 

Burns 

Head Injuries 
Surgical Care 

Pre- and post-op 

Nutrition 

Patient Monitoring 

Complications 

Medical Problems 

Infections 
GENERAL SURGERY 
Alimentary Tract 

Esoph 

Stoma 

aoe 

Colon 

Rectum and Anus 


Endocrine 
Thyroid 


Name 
Address 
City/State/Zip 
Phone 


P.O. Box 2218 


Mail today to: 


1094 Dawn Lane, Dept. A9 


Terre Haute, IN 47802 


Abdomen 
Liver and Gallbladder 
Pancreas and Spleen 
Peritonitis 
Abdominal Abscess 
Abdominal Wall 
Retroperitoneum 
Abdominal Hernias 

Breast 

Skin 

Head and Neck 
Anatomy 
Tumors 
Trauma 


SPECIAL SURGERY 
Thoracic Surgery 
Chest Wall/Pleura 
Lung/Mediastinum 
Cardiac Surgery 
Congenital Heart 
Acquired Heart 
Vascular Surgery 
The Great Veins 
Peripheral Arteries 
Veins and Lymphatics 
Orthopedic Surgery 
Bone Disease 
Fractures 
Joint Disorders 
Amputations 
Hand Surgery 
Hand Anatomy 
Hand Injuries 
Hand Infections 
Pediatric Surgery 
Urologic Surgery 
Gynecologic Surgery 
Neurosurgery 
Plastic Surgery 


Robert Bahnson, M.D. 
Assistant Professor of Surgery 
University of Pittsburgh 

John Corson, M.B., Ch.B. 
Associate Professor of Surgery 
University of lowa 

James J. Creighton, Jr., M.D. 
Ass’t Clin. Prof. of Ortho. Surgery 
Indiana University 

Jawed Fareed, M.D. 
Profressor of Path. and Pharmacology 
Loyola University of Chicago 

B. David Gorman, M.D. 
Coordinator of Resident Programs 
Lenox Hill Hospital, New York 
Robert Goulet, M.D. 
Assistant Professor of Surgery 
Indiana University 

Edwin apne, M.D. 
Professor of Surgery 

University of Chicago 

Marcel Martin, M.D. 
Assistant Professor of Surgery 
University of Illinois at Chicago 
Daniel Paloyan, M.D. 
Associate Professor of Surgery 
Northwestern University 
Thomas Rice, M.D. 

Staff Surgeon 

Cleveland Clinic Foundation 

H. Harlan Stone, M.D. 
Chairman, Department of Surgery 
Fairview General Hospital, Cleveland 
Dennis Vane, M.D. 

Ass’t. Prof. of Surg. & Ped. Surgery 
Indiana University 

David Vogt, M.D. 

Staff Surgeon 

Cleveland Clinic Foundation 
Janeen Walenga, M.D. 
Assistant Professor 

Loyola University at Chicago 
Robert Wilson, M.D. 

Chief of Thoracic Surgery 

Wayne State University 
Wilhelm Zuelzer, M.D. 
Assistant Professor of Surgery 
Ohio State University 


Limited Enrollment: SURGERY BOARDS REVIEW REGISTRATION 


For: (] October 4-10, 1989 — Chicago 
C] November 3-5 — Philadelphia 


[C] December 8-10, 1989 — Atlanta 
O Check is enclosed for $ 


[] Please send more information. 


E AAR E decks bie cd wit ace badolea 


"Accommodations were comfortable...."* 


GOALS AND LOCATION: The course 
is to help you pass your written and oral 
or recertification exams. The seven-day 
October course covers the full topic list. 
Three-day reviews in the oral board cities 
just before exams are mostly mock orals 
on the general surgery topics. The 
Chicago course will be at the Hilton Inn, 
Lisle, Illinois — rates are $81 single and 
$99 double. 


" „and those little extras...."* 


LOWEST AIR FARES: Please call 
toll-free 1-800-548-8185 and identify 
yourself with this Osler course for special 
group fares. 


"remarkably complete and pleasant."* 


PLACEMENT SERVICE: For a practice 
opportunity write or call 1-800-356-7537. 


"the most education for the money."* 


FEES AND CATEGORY 1 C.M.E.: 

eSurgeon or Resident: Surg. Res. hrs. 

e7 day course: $720 $480 65 

e3 day course: $390 $260 25 

e Repeating course within 3 years: half price 

e Add 10% within 10 days of the course. 

e Attendees not in course hotel add $8/day. 

e Fees do not include lodging or meals. 

e Deposit of $50 will reserve your position. 

e Most home study materials will be mailed 
after half of registration fee is received. - 

ePenn State designates this continuing 
medical education activity for 65 credit 
hours in Category 1 of the Physician’s 
Recognition Award of the American 
Medical Association. 


" home study material was extremely helpful."* 


REFUNDS: Subject to a $50 fee, refunds 
will be made until the seminar begins. 
eCancellation after mailing home study 

material requires retention of half the fee. 


"I feel [the course] helped me pass the boards."* 


INFORMATION: 
Joseph H. Selliken Jr., M.D. 
THE OSLER INSTITUTE 
1094 Dawn Lane, P.O. Box 2218 
Terre Haute, IN 47802 
(800) 356-7537 or (812) 299-5658 


*Comuments by participants of our courses 
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For Intravenous or Intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE ; 

TREATMENT: CEFOTAN® (cefotetan disodium) is indicated for the therapeutic treatment of the 
following infections when caused by susceptible strains of the designated organisms: 

Urinary tract infections caused by E coli, Klebsiella species (including K pneumoniae), Proteus 
mirabils and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 
rettgeri, and Morganella morganii). 

Lower respiratory tract infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 
Staphylococcus aureus (penicillinase- and nonpenicillinase-producing strains), Haemophdus influenzae 
ae ampicillin-resistant strains), Klebsiella species (including K pneumoniae), and E coli. 

n and skin structure infections caused by Staphylococcus aureus (penicillinase- and ronpenicil- 
linase-producing strains), Staphylococcus epidesmidis, Streptococcus pyogenes and Streptococcus 
species (excluding enterococci), and E coli. l , ot O 
Gynecologic infections caused by Staphylococcus aureus” (including penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidecmidis, Streptococcus species (excluding entero- — 
cocci), E coli, Proteus mirabilis, Neisseria gonorshoeae, Bacteroides species (excluding B distasonis, 
B ovatus, B thetaiotaomicron), Fusobacterium species,” and gram-positive anaerobic cocci (including 
Peptococcus and Peptostreptococcus very” , , 
intra-abdominal infections caused by £ coli, Klebsiella species (including K pneumoniae’), Strepto- 
coccus species (excluding enterococci), and Bacteroides species (excluding B distasonis, B ovatus, 

B thetaiotaomicron). 
Bone and joint infections caused by Staphylococcus aureus.* , 
“Efficacy for this organism in this organ system'was studied in fewer than ten infections. 

Specimens for bacteriological examination should be obtained in order to isolate and identify 
causative organisms and to determine their susceptibilities to cefotetan. bray Aes be instituted 
before results of susceptibility studies are known; however, once these results become available, the 
antibiotic treatment should be adjusted accordingly. 

In cases of confirmed or suspected gram-positive or gram-negative sepsis or in patients with other 
serious infections in which the causative organism has not been identified, it is possible 10 use CEFOTAN 
concomitantly with an aminoglycoside. Cefotetan combinations with aminoglycosides heve been shown 
to be synergistic in vitro against many Enterobacteriaceae and also some other eae bacteria. 
The dosage recommended in the labeling of both antibiotics may be given and depends on the severity 
of the infection and the patient's condition. 

NOTE: If CEFOTAN and an aminoglycoside are used concomitantly, renal function should be carefully 
monitored, especially if higher dosages of the aminoglycoside are to be administered or if therapy is 
prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglycosidic antibiotics. 
Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, it is possible that 
be eng wey be potentiated if CEFOTAN is used concomitantly with an aminoglyccside. 

PROP $: The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean con- 
taminated or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, trans- 
urethral surgery, biliary tract surgen and gastreintestinal ooh tia 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In pa- 
tients undergoing cesarean section, CEFOTAN should be administered intravenously after the clamping 
of the umbilicalcord. 

If there are signs and symptoms of infection, specimens for culture should be obtained for identifica- 
tion of the causative organism so that appropriate therapeutic measures may be initiated. 
CONTRAINDICATIONS 
ee contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 
Before therapy with CEFOTAN is instituted, careful inquiry should be made to determine whether the 
patient has had ous nsitivity reactions to disodium, cephalosporins, 
penicillins, or ether dru is product should be given cautiously to penicillin-sensitive patients. 
Antibiotics should be administered with caution to any patient who has demonstrated some form of 


allergy, particularly to drugs. If an allergic reaction to C occurs, discontinue the drug. 
Serious acute hypersensitivity reactions may requi ephrine and other emergency measures. 
Pseudomembranous colitis has been reported e use of cephalosporins (and cther broad- 


m antibiotics); therefore, it is important to consider its diagnosis in patients who develop 
diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit over- 
growth of clostridia. Studies indicate a toxin preduced by Clostridium difficile is one primary cause of 
antibiotic-associated colitis. Cholestyramine and colestipol resins have been shown to bind the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be 
managed with fluid, electrolyte, and protein supplementation as indicated. When the coiitis is not re- 
lieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for anti- 
biotic-associated pseudomembranous colitis produced by C difficile. Other causes should also be considered. 
PRECAUTIONS 
GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection 
does occur during therapy, appropriate measures should be taken. 

In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity. Those at risk include patients with renal or hepatic impairment or poor nutri- 
tional state, the elderly and patients with cancer. Prothrombin times should be monitored in patients at 
risk and exogenous vitamin K administered as indicated. 

ce aie should be used with caution in individuals with a history of gastrointestinal disease, par- 
ticularly colitis. 
INFORMATION FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 
characterized ae er headache, and tachycardia may occur when alcohol (beer, wine, 
etc.) is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 
ao of alcoholic beverages following the administration of CEFOTAN. 

UG INTERACTIONS: Although to date nephrotoxicity has not been noted when CEFOTAN was given 
alone, it is possible that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 


aminoglycoside. 
DRUG/LABORATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 
with Benedict's or Fehling’s solution. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
serum and urine creatinine levels by Jaffe reaction and produce false increases in the levels of 


creatinine reported. 
CARCIN ESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals have not been performec to evaluate carcinogenic potential, no mutagenic potential of 
cefotetan was found in standard laboratory tests. 

Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 


500 mg/kg/day (approximately 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 


CEFOTAN... 
(cefotetan disodium | 


In intra-abdominal and gynecologic infection 


CEFOTAN® (cefotetan disodium) 


developmentally analogous to late childhood and prasy in humans) resulted in reduced ‘esticular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells incluced spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity o' lesions were 
dose-dependent; at 120 mg/kg/day (approximately 2-4 times the usual human dose) only 1 o 10 treated 
animals was affected, and the degree of degeneration was mild. ae : 

Similar lesions have been observed in experiments of comparable design with other methylthiotetrazole- 
containing antibiotics and impaired fertility has been reported, eter at high dose levels. No 
testicular effects were observed in 7-week-old rats treated with up to 1000 mg/kg/day 5C for » weeks, or 
in infant dogs (3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. The relevanceef these 
findings to humans is unknown. . 

USAGE IN PREGNANCY: Pregnancy Category B: Reproduction studies have been performed in rats 
and monkeys at doses up to 20 times the human dose and have revealed no evidenceof impaired fertil- 
ity or harm to the fetus due to cefotetan. There are, however, no adequate and well-cantroliee studies in 
pregnant women. Because animal reproductive studies are not always predictive of human response, 
this drug should be used cae pregnancy orly if clearly needed. l 

USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentvatiens. Cau- 
tion should be exercised when cefotetan is ad ninistered to a nursing woman 

PEDIATRIC USE: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 

In clinical studies, the following adverse effects were considered related to CEFOTAN tmerapy 
Gastrointestinal symptoms occurred in 1.5% of patients; the most frequent were diarrhea (7 in 80) and 
nausea (1 in 700). l 

He ogic tere abnormalities occurred in 1.4% of patients and included eosinophilia (1 in 200), 

sitive direct Coombs test (1 in 250), and thrombocytosis (1 in 300). 

epatic enzyme elevations occurred in 1.2% of patients and included a rise in SGPT (1 in 150), SGOT 
(1 in 300), alkaline phosphatase (1 in 700), ard LDH (1 in 700). 

Hypersensitivity reactions were reported in 1.2% of patients and included rash (1 in 150° and itching 
Tin 


700). 
Hat effects were reported in less than 1.0% of patients and included phlebitis at thessit2 offinjection 
(1 in 300), and discomfort (1 in 500). During postmarketing experience with CEFOTAN, anapaylactic 
reactions and transient thrombocytopenia have been reported. 
DOSAGE AND ADMINISTRATION 
TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intra- 
muscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration shou d be deter- 
mined by the condition of the patient, severity of the infection, and susceptibility of the causative organism 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV-or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3 g every 12 hours IV 


“Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or potentially contaminated 
surgery in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose-should be admin- 
istered as soon as the umbilical cord is clamped. 

IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage scnedulewnust be 
employed. The following dosage guidelines may be used. 


DOSAGE GUIDELINES FOR PATIENTS 
edie iiaia WITH IMPAIRED RENAL FUNCTION 
mL/min Dose Frequency 
>30 Usual Recommended Dosage” Every 12 hours 
10-30 Usual Recommended Dosage” Every 24 hours 
<10 Usual Recommended Dosage” Every 48 hours 
“Dose determined by the type and severity of infection, and susceptibility of the causative organism. 


Alternatively, the dosing interval may remain constant at 12 hour intervals, but the dose reduced to 
one-half the usual recommended dose for patients with a creatinine clearance of 10-90 mL/min, and 
one-quarter the usual recommended dose for patients with a creatinine clearance of less thar 10 mL/min. 

When only serum creatinine levels are avai able, creatinine clearance may be calcuiated from the 
following formula. The serum creatinine level should represent a steady state of rena’ furction 


Weight (kg) x (140 - age) 


Males: ree 
72 x serum creatinine (mg/100 mL) 


Females: 0.9 x value for males 

Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended cose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis. 
HOW SUPPLI 
CEFOTAN is a dry, white to pale yellow powder supplied in vials containing cefotetan disodium equiv- 
alent to 1 g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1 R dose is 
available in 10 mL and 100 mL vials, and the 2 g dose is available in 20 mL and 100 mL vials. CEFOTAN 
is also available in a pharmacy bulk package of 10 g in 100 mL vials. The vials shoulc not be stored at 
temperatures above 22°C and should be protacted from light. 

a in 10 mL vial (NDC greek 2 gin 20 mL vial (NDC 0038-0377-20); 1 g in 100 mL vial 
(NDC 0038-0376-11); 2 g in t00 mL vial (NDC 0038-0377-21); 10 g in 100 mL vial (NBC 003%-0375-10) 


Manufactured for 
STUART PHARMACEUTICALS 


A business unit of ICI Americas Inc. 


Wilmington, Delaware 19897 USA Rev. | 11/88 63985-01 
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more cost-effective 
than cefoxitin"? 


less frequent dosing 
than cefoxitin’ 


several times the half-life 
of cefoxitin”: 


single-dose prophylaxis/ 


NP twice-daily treatment 








References: 1. Nightingale C4, Smith KS, Quintiliani R, et al: The conversion of cefoxitin usage 


to cefotetan: An interdisc plinary approach. Am J Surg 1988;155(5A) 101-102. 2. Sochalski A, 


Sullman S, Andricle VT: Cost-effectiveness study of cefotetan versus cefoxitin and cefotetan 
versus combination antibiotic regimens. Am J Surg 1988;155(SA):96-101. 3. CEFOTAN® 
(cefotetan disodium) full prescnbing information issued March 1986. 4. Physicians’ Desk 
Reference, ed 43. Oradell, NJ, Medical Economics Co, 1989. Mefoxin® (cefoxitin sodium, MSD), 
pp 1355-1357. 5. Carver M, Quintiliani R, Nightingale CH: Comparative pharmacokinetic 
study of cefotetan and cefoxitin in healthy volunteers. Infect Surg, April 1986 (suppl), 

pp 11-14. 6. Quintiliani R, Nichtingale CH, Stevens RC, et al: Comparative pharmacokinetics 
of cefotetan and cefoxitin in patents undergoing hysterectomies and colorectal operations 

Am J Surg 1988;155(5A):67-70 


Please see adjacent pace for brief summary of prescribing information. 
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ROCEPHIN® (ceftriaxone sodium/Roche) 
Before prescribing, please consult complete product information, a summary of which follows: 


INDICATIONS AND USAGE: Rocephin is indicated for the treatment of the following infections when 
caused by susceptible organisms: 

LOWER RESPIRATORY TRACT INFECTIONS caused by Strep. pneumoniae, Streptococcus spe- 
cies (excluding enterococci), Staph. aureus, H. influenzae, H. parainfluenzae, Klebsiella species 
(including K. pneumoniae). E. coli, E. aerogenes, Proteus mirabilis and Serratia marcescens. 


SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus, Staph. epidermidis, Strep- 
tococcus species (excluding enterococci), E. cloacae, Klebsiella species (including K. pneumo- 
niae), Proteus mirabilis and Pseudomonas aeruginosa. 


URINARY TRACT INFECTIONS (complicated and uncomplicated) caused by E. coli, Proteus mir- 
abilis, Proteus vulgaris, M. morganii and Klebsiella species (including K. pneumoniae) 


UNCOMPLICATED GONORRHEA (cervical/urethral and rectal) caused by Neisseria gonor- 
rhoeae, including both penicillinase and nonpenicillinase producing strains. 


PELVIC INFLAMMATORY DISEASE caused by N. gonorrhoeae. 


BACTERIAL SEPTICEMIA caused by Staph aureus, Strep. pneumoniae, E. coli, H_ influenzae and 
K. pneumoniae. 


BONE AND JOINT INFECTIONS caused by Staph. aureus, Strep. pneumoniae, Streptococcus 
species (excluding enterococci), E. coli, P mirabilis, K. pneumoniae and Enterobacter species. 


INTRA-ABDOMINAL INFECTIONS caused by E. coli and K. pneumoniae. 


MENINGITIS caused by H. influenzae, N. meningitidis and Strep. pneumoniae. Ceftriaxone has 
also been used successfully in a limited number of cases of meningitis and shunt infections 
caused by Staph. epidermidis and E. coli. 


SURGICAL PROPHYLAXIS: Preoperative administration of a single 1 gm dose may reduce inci- 
dence of postoperative infections in patients undergoing surgical procedures classified as con- 
taminated or potentially contaminated (e.g., vaginal or abdominal hysterectomy) and in those for 
whom infection at the operative site presents serious risk (e.g., during coronary artery bypass 
surgery). 

Although ceftriaxone has been shown to have been as effective as 
cefazolin in the prevention of infection following coronary artery by- 
pass surgery, no placebo-controlled trials have been conducted to 
evaluate any cephalosporin antibiotic in the prevention of infection 
following coronary artery bypass surgery. When administered be- 
fore indicated surgical procedures, a single 1 gm dose provides 
protection from most infections due to susceptible organisms for 
duration of procedure. 


SUSCEPTIBILITY TESTING: Before instituting treatment with 
Rocephin, appropriate specimens should be obtained for isolation 
of the causative organism and for determination of its susceptibil- 
ity to the drug. Therapy may be instituted prior to obtaining results 
of susceptibility testing. 

CONTRAINDICATIONS: Rocephin is contraindicated in patients with 
known allergy to the cephalosporin class of antibiotics. 


WARNINGS: BEFORE THERAPY WITH ROCEPHIN IS INSTITUTED, 
CAREFUL INQUIRY SHOULD BE MADE TO DETERMINE WHETH- 
ER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY RE- 
ACTIONS TO CEPHALOSPORINS, PENICILLINS OR OTHER 
DRUGS. THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO 
PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE 
ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS 
DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO 
DRUGS. SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY 
REQUIRE THE USE OF SUBCUTANEOUS EPINEPHRINE AND 
OTHER EMERGENCY MEASURES. 


Pseudomembranous colitis, reported with nearly al! antibacterial agents, including ceftriaxone, may 
range in severity from mild to life-threatening. Therefore, consider this diagnosis in patients who present 
with diarrhea subsequent to administration of antibacterial agents. 


Treatment with antibacterial agents alters normal flora of the colon and may permit overgrowth 
of clostridia. Studies indicate a toxin produced by Clostridium difficile is one pnmary cause of 
“antibiotic-associated colitis.” 

After establishing diagnosis of pseudomembranous colitis, initiate therapeutic measures. Mild 
cases of pseudomembranous colitis usually respond to drug discontinuation alone In moderate to 
severe Cases, Consider management with fluids and electrolytes, protein supplementation and 
treatment with an oral antibacterial drug effective against C. difficile. 


Rarely, shadows suggesting sludge have been detected by sonograms of the gallbladder in 
asymptomatic and symptomatic patients. This appears to be reversible on discontinuation of ther- 
apy. In a few symptomatic patients receiving higher than usual doses, who underwent surgery, 
Sludge containing traces of ceftriaxone was recovered from surgical specimens. Discontinue ther- 
apy in patients who develop signs or symptoms suggestive of gallbladder disease. consider con- 
servative management. 


PRECAUTIONS: GENERAL: Although transient elevations of BUN and serum creatinine have been 
observed, at the recommended dosages, the nephrotoxic potential of Rocephin is similar to that of 
other cephalosporins. 


Ceftriaxone is excreted via both biliary and renal excretion (see Clinica! Pharmacology). Therefore, 
patients with renal failure normally require no adjustment in dosage when usual doses of Rocephin 
are administered, but concentrations of drug in the serum should be monitored penodically. If evi- 
dence of accumulation exists, dosage should be decreased accordingly. 


Dosage adjustments should not be necessary in patients with hepatic dysfunction; however, in pa- 
tients with both hepatic dysfunction and significant renal disease, Rocephin dosage should not ex- 
ceed 2 gm daily without close monitoring of serum concentrations. 


Alterations in prothrombin times have occurred rarely in patients treated with Rocephin. Patients 
with impaired vitamin K synthesis or low vitamin K stores (e.g., chronic hepatic disease and mal- 
nutrition) may require monitoring of prothrombin time during Rocephin treatment. Vitamin K ad- 
ministration (10 mg weekly) may be necessary if the prothrombin time is prolonged before or during 
therapy. 

Prolonged use of Rocephin may result in overgrowth of nonsusceptible organisms. Careful obser- 
vation of the patient is essential. If superinfection occurs during therapy, appropriate measures 
should be taken. 


Rocephin should be prescribed with caution in individuals with a history of gastrointestinal dis- 
ease, especially colitis. 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Carcinogenesis: Considering 
the maximum duration of treatment and the class of the compound, Carcinogenicity studies with 
ceftriaxone in animals have not been performed. The maximum duration of animal toxicity studies 
was six months. 


Mutagenesis: Genetic toxicology tests included the Ames test, a micronucleus tes: and a test for 
chromosomal aberrations in human lymphocytes cultured in vitro with ceftriaxone. Ceftriaxone 
showed no potential for mutagenic activity in these studies. 


Impairment of Fertility: Ceftriaxone produced no impairment of fertility when given intravenously to 
mn at daily doses up to 586 mg/kg/day, approximately 20 times the recommended clinical dose 
2 gm/day. 


PREGNANCY: Teratogenic Effects: Pregnancy Category B. Reproductive studies have been per- 
formed in mice and rats at doses up to 20 times the usual human dose and have no evidence of 
embryotoxicity, fetotoxicity or teratogenicity. In primates, no embryotoxicity or teratogenicity was 
demonstrated at a dose approximately three times the human dose. 

There are, however, no adequate and well-controlled studies in pregnant women. Because animal 
reproductive studies are not always predictive of human response, this drug should be used dur- 
ing pregnancy only if clearly needed. 


Once-a-day 





ceftriaxone sodium/Roche 





ROCEPHIN® (ceftriaxone sodium/Roche) 


Nonteratogenic Effects: In rats, in the Segment | (fertility and general reproduction).and Segment Ii! 
(perinatal and postnatal) studies with intravenously administered ceftriaxone, no adverse efiects were 
noted on various reproductive parameters during gestation and lactation, including postnatal growth, 
functional behavior and reproductive ability of the offspring, at doses of 586 mg/kg/day or less. 


NURSING MOTHERS: Low concentrations of ceftriaxone are excreted in human milk. Caution 
should be exercised when Rocephin is administered to a nursing woman. 


PEDIATRIC USE: Safety and effectiveness of Rocephin in neonates, intants and children have been 
established for the dosages described in the Dosage and Administration section In vitro studies 
have shown ceftriaxone, like some other cephalosporins, can displace bilirubin from serum albu- 
min. Rocephin should not be administered to hyperbilirubinemic neonates, especially prematures. 


ADVERSE REACTIONS: Rocephin is generally well tolerated. In clinical trials, the fõllowing adverse 
reactions, which were considered to be related to Rocephin therapy or of uncertain etiology, were 
observed: 

LOCAL REACTIONS—pain. induration or tenderness at the site of injection (1%) Less frequently 
reported (less than 1%) was phlebitis after I.V. administration. 

HYPERSENSITIVITY—rash (1.7%). Less frequently reported (less than 1%) were pruritus, fever 
or chills. 

HEMATOLOG/C—eosinophilia (6%), thrombocytosis (5.1%) and leukopenia (2.1%). Less frequent- 
ly reported (less than 1%) were anemia, neutropenia. lymphopenia, thrombocytopenia and prolon- 
gation of the prothrombin time. 

GASTROINTESTINAL—diarrhea (2.7%). Less frequently reported (less than 1%) were nausea or 
vomiting, and dysgeusia. Onset of pseudomembranous Colitis symptoms may occur during or after 
antibiotic treatment (see WARNINGS). 


HEPATIC—elevations of SGOT (3.1%) or SGPT (3.3%). Less frequently reported (less than 1%) 
were elevations of alkaline phosphatase and bilirubin. 


RENAL—elevations of the BUN (1.2%). Less frequently reported (less than 1%) were elevations of 
creatinine and the presence of casts in the urine. 


CENTRAL NERVOUS SYSTEM—headache or dizziness were re- 
ported occasionally (less than 1%) 


GENITOURINARY —moniliasis or vaginitis werereported occa- 
sionally (less than 1%). 


MISCELLANEOUS—diaphoresis and flushing were reported oc- 
casionally (iess than 1%). 


Other rarely observed adverse reactions (less than 0.1%) include 
leukocytosis, lymphocytosis, monocytosis, basoptilia, a decrease 
in the prothrombin time, jaundice, gallbladder sludge, glycosuria, 
hematuria, anaphylaxis, bronchospasm, serum sickness, abdom- 
inal pain, colitis, flatulence, dyspepsia, palpitations and epistaxis. 


DOSAGE AND ADMINISTRATION: Rocepnin may be administered in- 
travenously or intramuscularly. The usual adult daily dose is 1 to 
2 gm given once a day (or in equally divided doses twice a day) 
depending on the type and severity of'the infection. The total daily 
dose should not exceed 4 grams. 

For the treatment of serious miscellaneous infectionsan children, other 
than meningitis, the recommended tota! daily dose is 50 to.75 mg/kg 
(not to exceed 2 grams), given in divided doses every 12 hours. 
Generally, Rocephin therapy should be continued for at least two 
days after the signs and symptoms of infection have disappeared. 
The usual duration is 4 to 14 days; in complicated infections longer 
therapy may be required. 

In the treatment of meningitis, a daily dose of 100 mg/kg inot to ex- 
ceed 4 grams), given in divided doses every 12 Bours, should be 
administered with or without a loading dose of 75 mg/kg 

For the treatment of uncomplicated gonococcal infections, a single intramusculardose of 250 mg 
is recommended. 

For preoperative use (surgical prophylaxis), a single dose of 1 gm administered 1/2 to 2 hours be- 
fore surgery is recommended. 

When treating infections caused by Streptococcus pyogenes, therapy should be-continued for at 
least ten days. 

No dosage adjustment is necessary for patients with impairment of renal or hepatic function; how- 
ever, blood levels should be monitored in patients with severe renal impairment (@g.. dialysis pa- 
tients) and in patients with both renal and hepatic dysfunctions. 

HOW SUPPLIED: Rocephin (ceftriaxone sodium/Roche) is supplied as a'sterile crystalline powder in 
glass vials and piggyback bottles. The following packages are available: 

Vials containing 250 mg. 500 mg, 1 gm or 2 gm equivalent of ceftriaxone: piggyback boities con- 
taining 1 gm or 2 gm equivalent of ceftriaxone; bulk pharmacy containers containing 10 gm equiv- 
alent of ceftriaxone (NOT FOR DIRECT ADMINISTRATION). 

Also supplied as a sterile crystalline powder as follows: 

ADD-Vantage Vials®* containing 1 gm or 2 gm equivalent of ceftriaxone 

Also supplied premixed as a frozen iso-osmotic, sterile, nonpyrogenic solution olbceftriaxone so- 
dium in 50 mL single dose plastic containers,t as follows: 

1 gm equivalent of ceftriaxone, iso-osmotic with approximately 1.9 gm dextrose hydreus, USP 
added 


e 
IN 


2 gm equivalent of ceftriaxone, iso-osmotic with approximately 1.2 gm dextrose hydreus, USP 
added. 


NOTE: Rocephin in the frozen state should not be stored above -20°C 
“Registered trademark of Abbott Laboratories, Inc. 


tManufactured for Roche Laboratories, a division of Hoffmann-La Roche Inc., by Travemol Labo- 
ratories, Inc., Deerfield, Illinois 60015. Pl 0480 


Roche Laboratories 


<> a division of Hoffmann-La Roche Inc. 


340 Kingsland Street 
Nutley, New Jersey 07110-1199 
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ECISION 


Precise, Cost-Effective 
Piezoelectric Lithotripsy 


A new method in the management 

of stone disease, now being tested, is 
capturing the attention of medical profes- 
sionals concerned with maximizing 
patient comfort, reducing patient risk and 
minimizing operational costs...it’s called 
PIEZO-PRECISION™ lithotripsy, from 
EDAP International. 


PIEZO-PRECISION lithotripsy puts 
you in control of the intensity and the fre- 
quency of each shock wave. Shock waves, 
delivered at a small precise focal point, are 
intended to minimize pain and potential 
patient complications. 


EDAP’s In-Line Multi-Plane, real 
time ultrasound system allows you to 
adjust to the target and simultaneously 
monitor the stone during fragmentation. 


Procedures with EDAP’s LT-01 have 
been performed on an out-patient basis. 
It is expected that there be little or no 
need for anesthesia or analgesia. ECG 
monitoring, respiratory gating and 
costly electrodes are not required. 


It’s all a matter of PIEZO-PRECISION 
lithotripsy and EDAP’s ingenuity. Because 
at EDAP, lithotripsy is our only business 
...allow us to show you the future in thera- 
peutic technology. 


For more information about 
PIEZO-PRECISION call EDAP 
International today... 


CAUTION: INVESTIGATIONAL DEVICE, LIMITE 
BY FEDERAL LAW TO INVESTIGATIONAL USE. 


FUTURE BELONGS TO PIEZO-PRECISION 


EDAP International Corporation 

238 Littleton Road, Westford, MA 01886 
Telephone (508) 692-8488 

Facsimile (508) 692-0733 
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Physician: 
What's in it for you? 


What's inside the new Allied Health 
Education Directory that can help you, 
as a physician? Timely information on 
26 career areas related to your staffing 
needs, organized into one easy-to-use 


volume. 


salaries are also included. 


TION 


i 
SEVENTEENTH EP a 





Locate qualified jab candidates when 
you need them. The Directory provides 
names, addresses and phone numbers 
of program directers and others you 
can contact aboutqualified graduates. 
Occupational descriptions and starting 


Enable staff members to develop their 
professional potential. The Directory 
includes concise descriptions of 2,800 
educational programs, and information 


MANUAL OF STYLE 


The one to consult 


hether it’s a multi-volume work or a 
short article, you'll find the write stuff 
in the AMA Manual of Style. 
This 8th Edition, a major revision, is 
the standard among medical publishers. All 
major aspects of manuscript preparation are 


covered in five sections which outline: 

e Preparing an article for publication 

e Style e Terminology ¢ Measurement 
and Quantitation è Technical Information 
and Bibliography. 

Next time you have a question about 
making your medical writing more clear, 
concise and accurate, be ready with one 
simple answer — the AMA Manual of 
Style. Order your copy today! 
1988/377 pp/4351-X/$24.95 


CALL TOLL FREE TO ORDER 
1-800-638-0672 


from anywhere in the US. Maryland 
residents call 528-4221 COLLECT 


Williams & Wilkins 
428 East Preston Street 
Baltimore, MD 21202 





on prerequisites, length of programs 
and related curricula. 


The Allied Health Education Directory 
is the most comprehensive listing of 
educational programs in allied health. 


Order your copy today. For fastest service 


call toll-free : 


1-800-621-8335 


and charge payment to your MasterCard 

or Visa. 

Or write to: 

Book & Pamphlet Fulfillment 
OP-220/9 

American Medical Association 

PO. Box 10946 

Chicago, IL 60610 

Price: $27.95 


AMA Members: 20% discount 
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COMMENTARIES 

8 ee SR Se ANS cal e TA eo a 
Robert E. Condon, MD, Milwaukee, Wis 

Treating the Trauma Patient 
F. William Blaisdell, MD, Sacramento, Calif 

PAPERS READ BEFORE THE 60TH ANNUAL MEETING OF THE PACIFIC COAST 

SURGICAL ASSOCIATION, VANCOUVER, CANADA, FEBRUARY 22, 1989 

The Surgeon, Healer With Work at Hand: Presidenflal Address .. 0. eee eee: 
John K. Stevenson, MD, Seattle, Wash 

Treatment ofLocally Recurrent Breast Carcinoma .........----- +s ester tree 
Michael R. Probstfeld, MD, Theodore X. O'Connell, MD, Los Angeles, Calif 
e Until further prospective trials are completed, combination radiation- 

surgery treatment for local recurrences should be considered. 

Value of Measuring Hormone Receptor Levels of Regional Metastatic Carcinoma of the Breast ..........-...: 
John A. Butler, MD, Thomas Trezona, MD, Hernan Vargas, MD, David State, MD, Los Angeles, Calif 
e In the more aggressive primary breast tumor, the receptor levels of 

metastatic nodes may be more useful than the primary tumor. 

Selective Management of Nonocclusive Arterial Injuries ........ -5s 26 eee tees 
Steven C. Stain, MD, Albert E. Yellin, MD, Fred A. Weaver, MD, Michael J. Pentecost, MD, Los Angeles, Calif 
e Nonocclusive arterial injuries are best managed by observation, 

serial arteriography, and/or duplex scanning. 

Analysis of Risk Factors for Myocardial Infarction Following Carotid Endarterectomy 
Richarc A. Yeager, MD, Gregory L. Moneta, MD, Donald B. McConnell, MD, Edward A. Neuwelt, MD, 
Lloyd M. Taylor, Ji, MD, John M. Porter, MD, Portland, Ore 
eè Routine clinical evaluation for coronary artery disease prior to carotid endarterectomy is sufficient; 

however, aggressive screening by coronary arteriography or radionuclide studies is not warranted. 

improving Diagnosis of Appendicitis: Early Autologous Leukocyte Scanning..........---- 2 seer ree 

Anne R DeLaney, MD, Carol A. Raviola, MD, Paul N. Weber, MD, Paul T. McDonald, MD, 
Daniel A. Navarro, MD, Ivan Jasko, Oakland, Calif 
@ Autologous leukocyte scanning for acute appendicitis altered the clinical diagnosis in 19 of 32 cases. 

Treatment of Paget-Schroetter Syndrome: A Staged, Multidisciplinary ee | Ae pays E a a a 
James M. Kunkel, MD, Herbert |. Machleder, MD, Los Angeles, Calif 
e The comprehensive management of Paget-Schroetter syndrome may require 

thrombolytic agents, anticoagulation, rib resection, or balloon angioplasty. 

Changes in Surgical Treatment of Peptic Ulcer Disease Within a 

Veterans Hospital inthe 1970s andthe 1980s... 0.6... 6. ett ttt eres 
Donald'B. McConnell, MD, Georgia C. Baba, MD, Clifford W. Deveney, MD, Portland, Ore 
ə The etiology of the reduction of elective surgical procedures for peptic 

ulcer disease within a Veterans Affairs Hospital is multifactorial. 

Long-term Results With Primary Retroperitoneal Tumors... . ssas 0-2 ert ns 
C. Wright Pinson, MD, Portland, Ore; Stephen G. ReMine, MD, Burlington, Mass; 

William S. Fletcher, MD, Portland, Ore; John W. Braasch, MD, Burlington, Mass 
e Complete surgical resection offers the best survival rates with primary 
retroperitoneal tumors; palliative resection is beneficial to relieve symptoms. 

Local Control in Rectal Cancer: A Clinical Review and Meta-Analysis........----- 6s eee eee nes 
Patrick Twomey, MD, Mary Burchell, MD, Dale Strawn, MD, James Guernsey, MD, Martinez, Calif 
e A 50% reduction in loca! recurrence appears possible if adjuvant 

doses of 3000 cGy or more are used in treatment of rectal cancer. 
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the American Medical Association, 535 N Dearborn St, Chicago, IL 60610, 
and is an official publication of the Association. Second-class postage paid 
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States and US possessions; all other countries, one year, $60; two years, 
$105 for surface delivery. (For expedited air delivery to most countries, add 
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Gastrointestinal Tract ObstructionintheFetus ................... a 1183 


è Polyhydramnios, a family history of cystic fibrosis, and dilated bowel with increased 
peristalsis are important diagnostic factors in fetal gastrointestinal obstructicn. 


Omental Pedicle Grafting in the Treatment of Postcardiotomy 


vaare iam caa D Ue Be EE ATE Kae ORS culate ree wt... 1192 
Stephen F. Lovich, MD, Leigh |. G. Iverson, MD, J. Nilas Young, MD, Coyness L. Ennix, Jr, MD, James E. Harrell, Jr, MD, 


è In familial non-MEN medullary thyroid cancer, serum calcitonin screening results in earlier diagnosis, 
and total thyroidectomy with central neck clearance is the treatment of choice. 


The Surgical Management of Impacted Common Bile Duct Stones Without Sphincter Ablation _.............. 1216 
Jesse E. Thompson, Jr, MD, Robert S. Bennion, MD, Sylmar, Calif 
è Impacted biliary tract stones can be successfully extracted by the supraduodenal approach, 
with minimal morbidity and no mortality, without resorting to duodenotomy and sphincter ablation. 


Heart Transplantation During the First 12 YearsofLife............................---.--.0-.00000. 1221 


@ Women with melanoma during pregnancy fare no worse than their nonpregnantcounterparts. 
Saphenous Vein Bypass to Pedal Arteries: An Aggressive Strategy for Foot Salvage ...................... 1232 
Hobart W. Harris, MD, MPH, Joseph H. Rapp, MD, Linda M. Reilly, MD, Peggy A. Orlando, RAM, 
William C. Krupski, MD, Jerry Goldstone, MD, San Francisco, Calif 
© For forefoot ischemia, bypass to the pedal arteries yields a high rate of 
foot salvage and is comparable to more proximal bypass procedures. 
ORIGINAL ARTICLE 


è Diagnosis related groups and other criteria of critically injured patients 
must be reevaluated, or underpayment for trauma patients will continue. 
CLINICAL NOTE 


Patients with this unusual complication of diverticulitis had progressive 
abdominal discomfort and an enlarged abdominal mass. 
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You can get patients moving 
even before they can walk...with 
Kinetic Therapy" 





Kinetic Therapy;” as fur- 
nished by the BioDyne™ bed, 


uses continuous oscillation on 
an air-support surface to bring 
motion to patients unable to 
move on their own. Consider 
postoperative patients. Those 
immobilized by surgery 
urgently need the mechanical 
stimulation of natural motion. 





-Kinetic Therapy on the BioDyne 
bed provides early intervention 
and treatment of immobility— 
without waiting for complica- 
tions to develop. By gently 
turning patients from side to 
side, it promotes continuous 
postural drainage, helps mini- 
mize venous stasis, and helps 
prevent skin ischemia and 
breakdown. 


Just like early ambulation... g 
only sooner. 


J i; 
BioD\ II | BioDynell 


Because Life 5s aes 
Depends on Motion + 


SKCI. 


Kinetic Concepts, Inc. 
#P.0. Box 8588, San Antonio, TX 78208-0588 
1-800-531-5346 
BioDyne is a trademark of Kinetic Concepts, Inc. for its oscillating low air-loss support surface. 
Kinetic Therapy is a service mark of Kinetic Concepts, Inc. for the continuous motion therapy derived from its oscillating support devices. 
© 1989, Kinetic Concepts, Inc. All rights reserved. 
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NIGP I 


our investment 
in ZINACEF is 


Starting to pay off. 





— 





Your choice of ZINACEF for surgical prophylaxis is an 
investment that can yield outstanding returns in lower 
postop infection rates, shortened hospital stays, and an 
improved bottom line for your patients. 





Significant success against staphylococci 

In a recent study, ZINACEF was shown to be 
“significantly more effective...than cefazolin in 
preventing postoperative wound infections following 
open-heart surgery”'—especially against Staphylococcus 
aureus and $ epidermidis. 





Reduces postoperative complications— 

infectious and financial 

A recent nationwide analysis revealed that each 
postoperative wound infection represents a 
nonreimbursable loss to a hospital of $2467 on average? 
By reducing the rate of infection, ZINACEF can help 
reduce these losses. 


I. Slama TG, Sklar SJ, Misinski J, et al: Randomized comparison of cefamandole, cefazolin, and cefuroxime 
prophylaxis in open-heart surgery. Antimicrob Agents Chemother 1986;29:744 -747. 

2. Haley RUZ White JW, Culver DH, et al: The financial incentive for hospitals to prevent nosocomial infections 
under the prospective payment system. JAMA 1987:257:1611-1614. 


Please consult Brief Summary of Prescribing Information on next page before prescribing or administering ZINACEF 


Glaxo Giaxo inc. Research Triangle Park, NC 27709 
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Brief summary. Before prescribing, consult complete Prescribing Information. 

INDICATIONS AND USAGE: ZINACEF® is indicated for the treatment of patients with infections caused by suscep- 

tible strains of the designated organisms in the following diseases. 

1. Lower Respiratory Tract Infections, including pneumonia, caused by S pneumoniae (formerly.D pneumoniae), H 
influenzae (including ampicillin-resistant strains), Kiebsiefa sp, S aureus (penicillinase- and non-penicillinase-pro- 
ducing), S pyogenes, and E coli. 

2. Urinary Tract infections caused by £ cof and Mebsiella sp. 

3. Skin and Skin Structure Infections caused by S aureys (penicillinase- and non-penicillinase-producing), S pyogenes, 
E coli, Klebsiella sp, and Enterobacter sp. 

4. Septicemia caused by S aureus (p2nicillinase- and non-penicillinase-procucing), S pneumoniae, E coli, H influenzae 
(including ampicillin-resistant strains), and A/ebsielia so. 

5. Meningitis caused by S pneumoniae, H influenzae (including ampicillin-resistant strains), N meningitidis, and S aureus 
(penicillinase- and non-penicillinase-producing). 

6. Gonorrhea: Uncomplicated and disseminated gonococcalinfections due to N gonorrhoeae (penicillinase- and non- 
penicillinase-preducing strains) in both males:and females. 

7. Bone and Joint Infections caused by S aureus (including penicillinase- and non-penicillinase-producing strains), 
Clinical microbiological studies in skin anc skin structure infections frequently reveal the growth of susceptible 

strains of both aerobic and anaerobic orgamisms.ZINACEF has been used successtully in these mixed infections in which 
several organisms have been isolatec. Appropriate cultures and susceptibility stucies should be performed to deter- 
mine the susceptibility of the causative organisms to ZINACEF 

Theraoy may be started while awaiting the results of these studies; however, once these results become available, the 
antibiotic treatment should be adjusted accordingly. In certain cases of confirmed or suspected gram-positive or gram- 
negative sepsis or in patients with other serious infections inwhich the causative organism has not been identified, 
ZINACEF may be used concomitantly with an aminoglycoside (see PRECAUTIONS) The recommended doses of both 
antibiotics may be given depending on the severity of the infection and the patient's conditior 
Prevention: The preoperative prophylactic administration of ZINACEF may prevent the growth of susceptible disease- 
Causing Dacteria and thereby may reduce the incidence of certain postoperative infections in patients undergoing surgi- 
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Commentaries 


Resident Hours 


Only Work? 


E the United States in the 1980s we define ourselves by 

what we do; the focus on “work” arises from our cultural 
heritage. We prefer to describe ourselves, and our place in 
society, in terms of how we earn a living or otherwise 
occupy our time. Think of the conversation that usually 
follows an introduction to a stranger. One of the first 
questions we ask is “What do you do?” The answer, of 
course, is to define one’s job. The query is not answered 
with a description of intellectual interests, recreational 
activities, or anything else. So, it is not surprising in the 
social and cultural context of our world that physicians 
tend to think of all their professionally related activities as 
part of their work. Similarly, residents describe as work 
all of their professionally related activities. But not all of 
the hours so described by physicians or residents truly 
represent work in the sense that that term would be used 
by an hourly wage earner employed in a factory. 

In recent years there has been increasing discussion of 
the long hours spent in the hospital by residents. Although 
the clinical incident (the “Libby Zion affair”) that precipi- 
tated the most recent attention to this issue had no 
demonstrable connection to the call schedule of the resi- 
dents involved in the incident, the subsequent focus has 
been on the hours of work, and it has led to recommenda- 
tions for arbitrary limitations of hours spent by residents 
in the hospital. In the state of New York, regulations now 
require residents to work no more than 80 hours a week. 

A focus on hours of work is misleading since it frames 
the discussion of the possible need for change in the 
structure ef residencies strictly in terms of the number of 
hours spent in the hospital and obscures the educational 
reality of the residency experience. Residents are students, 
not employees. The fact that residents receive stipends 
from hospitals and provide services to patients does not 
mean that residents are primarily or exclusively hospital 
employees. The residency is an educational exercise (or it 
ought to be!). Since the knowledge base and clinical acumen 
required to be a fully qualified physician can only be 
acquired in the context of caring for patients, residency 
education necessarily proceeds simultaneously with pa- 
tient care. To characterize the entire process as work is to 
ignore both the edueational content and the future eco- 
nomic value of the residency experience. To label all in- 
hospital hours as “hours of work” is a misnomer; it is also 
a trap for both residents and physicians who participate in 
their education. 
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Undoubtedly, residents spend a number of hours each 
week in what can only be described as true work. Such 
activities include the delivery of patient care in a setting 
totally devoid of educational value or content and the need 
for residents in some hospitals to provide such nonprofes- 
sional services as drawing routine blood samples or trans- 
porting patients. Such activities, by and large, abuse 
residents and need to be eliminated from the teaching 
hospital environment. On the other hand, time spent by 
residents in teaching conferences and much of the time 
spent in ward rounds with staff physicians can properly be 
described as hours invested in furthering resident educa- 
tion. Much of the patient care in which residents participate 
falls somewhere in the middle of a spectrum that has pure 
service and pure education as its extremes. Most hospital 
activities engaging the time and attention of residents 


- contain both a patient care component as well as a valuable 


educational component. 

Residents are not just working in hospitals. They are 
educating themselves and being educated by their faculty. 
Our society does not regulate the number of hours that 
other graduate students invest in their eduation; in fact, 
no limits are placed at any level of the educational system 
in this country on the time any student may invest in 
educational activities. The impact of an arbitrary time 
limitation in residency-related activities is bound to be 
adverse for both residents and patients. The residency is 
an educational program that permits the evolution of the 
undifferentiated medical student into a competent physi- 
cian. It requires an in-depth exposure to patient problems. 
Limiting this exposure to any arbitrarily selected number 
of hours a week may only restrict the ability of residents 
to advance their education within a reasonable time frame. 
The amount of patient contact needed to develop profes- 
sional competence will not change as a result of restricting 
hours. In an hours-restricted residency environment, res- 
idencies will either have to be longer to achieve the same 
level of competence or we will have less experienced and 
less competent physicians. 

The main reason for imposing an arbitrary limit on the 
number of hours residents spend in the hospital is that 
patient care purportedly suffers in the present system. 
That effect has never been documented. Studies of resi- 
dents by us and others, as well as studies by experts in 
sleep physiology, support the conclusion that patient eare, 
in fact, does not suffer from the current on-call structure 
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of residency programs in teaching hospitals. There is, 
however, another side to the coin: granted that patient care 
is unimpaired, what about the capacity of residents to 
learn? A legitimate concern that has yet to be addressed 
scientifically is the possibility that long hours have an 
adverse impact on the ability of residents to retain new 
information and to fulfill the primary educational objectives 
of the residency. This is a vitally important subject in 
urgent need of competent investigation. 

What is clear is that a patient care deficit or a public 
health problem does not exist in sufficient magnitude to 
warrant intrusion by the government inte the fundamen- 
tally educational endeavors of the residency system. Intru- 
sion by the government into the process of education, as 
represented by the regulations promulgated in New York, 
is unprecedented. The implications for widening govern- 
ment control of education and the increasing politicalization 
of graduate education in medicine are adverse, not only to 
physicians and residents, but especially to patients. Cer- 
tainly, the continuity of patient care will suffer from the 


imposition of regulations such as those existing in New 
York and being considered by legislatures across the 
country Will the education of residents also be impaired? 
It is incumbent on those of us who participate in the 

education of residents to define as precisely as possible the 
presenee of any educational or patient care problems 
related to the current residency structure, and to put in 
place solutions to any problems discerned. We don’t need 
the help of government to conduct this exercise. However, 
we need to move quickly before we are imprisoned in the 
stifling embrace of additional naive and harmful govern- 
ment regulations. Time is running out! 

Rosert E. Connon, MD 

Milwaukee, Wis 


Robert E. Condon, MD, FACS, is the Ausman Foundation Professor and 
Chairman, Department of Surgery, The Medical College of Wisconsin. Dr 
Condon =s also a diplomate and a previous director of the American Board 
of Surgery and a former member of the Residency Review Committee for 
Surgery. 


Treating the Trauma Patient 


reat strides have been made in the treatment of trauma 

with the regional development of trauma care. There is 
no question that trauma systems that ensure the rapid trans- 
port of critically injured patients to trauma centers save lives. 
When patients with catastrophic injuries are delivered to 
hospitals incapable of caring for them, time and lives are lost 
due to inadequate care or delays caused by the need to 
transfer. 

As trauma care is not adequately funded, one way of man- 
aging this problem would be to encourage all hospitals to 
develop programs and take a share of the trauma load. The 
trauma losses would be passed on to paying patients with 
other illnesses so as to divide the liability. This concept, the 
nearest case to the nearest hospital, is the nonsystem we have 
had in the past, and it is not conducive to good, organized 
trauma care as it does not ensure the availability of critical 
support services. Mereover, it compromises those hospitals 
closest to the ghetto that inevitably receive a lion’s share of 
nonremunerative mjuries. 

The practical alternative, which is currently in effect, is to 
continue to encourage the efficient organization of trauma 
treatment by regionalization, thus concentrating trauma care 
in fewer hospitals. Consolidation of trauma cases minimizes 
the cost of running 24-hour services such as laboratories, 
roentgen ray facilities, and operating rooms, thus improving 
the capability of the facilities to deal with trauma care. The 
assumption at this point, however, is that the treatment of 
medically indigenz patients will be reimbursed at true cost, if 
necessary by requiring an ongoing audit of these charges. 
Recently, in California, the disappearance of obstetrical ser- 
vices for medically indigent patients has resulted in a reas- 
sessment of reimbursement. This offer, if applied to trauma 
care, would promise appropriate remuneration for those hos- 
pitals that will maintain essential services. 

Individual hospitals are not going to take the initiative in 
organizing any system that excludes them, and determining 
the proper number and distribution of hospitals must be done 
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by an outside force. This could be done by the American 
College of Surgeons Trauma Committee or county or state- 
wide committees such as those formed to authorize current 
trauma centers. 

Moreover, trauma centers have been justified on the basis 
that they are essential if we are to save catastrophically 
injured patients. However, it is my opinion that the most 
important function of trauma organization is to ensure that 
patiencs do not die of simple injuries. Whenever a review is 
carried out in geographic regions where trauma systems are 
not organized, 20% to 30% of the deaths in that region are 
considered preventable. These patients are dying of simple 
injuries that are unrecognized or that are treated inadequate- 
ly anc too late. Failure to promptly recognize and treat 
simple life-threatening injuries is the tragedy of trauma, not 
the inability to handle the catastrophic or complicated injury. 
Thus, the emphasis related to trauma care should most appro- 
priate.y be placed on preventing deaths from simple injuries. 
A classic example is the ruptured spleen. Once a patient with 
isolated injury to the spleen enters an emergency system, 
there is little excuse for subsequent mortality. However, 
whenever trauma surveys are carried out, it is found that this 
injury more than any other is responsible for the preventable 
death. 

Organizing trauma services with this concept in mind is 
much simpler than the complex organization required for 
level | trauma services. While the American College of Sur- 
geons guidelines may be fine for major metropolitan areas, we 
forget that the qualifications and experience of the general 
surgeon administering the care is undoubtedly the most im- 
portant modality in lessening mortality. This can be accom- 
plished by concentrating trauma experience in fewer hospi- 
tals, where experienced staff are available and resources can 
be optimally applied without necessarily requiring the com- 
prehensive services at a level I trauma center. 


F. WILLIAM BLAISDELL, MD 
Sacramento, Calif 


Commentaries 


Papers Read Before The 60th Annual Meeting 


Of The Pacific Coast Surgical Association, 


Vancouver, Canada, February 22, 1989 


The Surgeon, Healer With Work at Hand 


Presidential Address 


John K. Stevenson, MDt 


QO n the front cover of this year’s program there was a 
picture of a headdress of an Indian medicine man, that of 
a shaman of the Tlingit Indians from here in the Pacific 
Northwest (Fig 1). It is said that he was so highly regarded as 
a healer that he even was called on to attend to some of the 
early settlers who fell ill. He was affectionately known as 
Doctor Pete. (Fig 2). 

In the painting by Sir Luke Fildes (1844 to 1927), entitled 
The Doctor (1891, Fig 3), the physician posing for the painting 
is Dr John McDonald who lived and practiced on the Hebrides 
Island group off the west coast of Scotland. Each picture 
depicts an individual trusted by his patients, respected by his 
peers, honored in his lesser community, and esteemed in his 
greater society. Neither of them—the shaman with his pa- 
tient and the physician at the bedside watch of the seriously ill 
child quite near to death—understood the mechanisms of 
disease and could do little or nothing to alter its inexorable 
course. Yet, they treated illness. 

This is how it was before us, since the time of Hippocrates 
and before him. Illness—or the lack of “wellness” often ac- 
companied by physical disability — was understood according 
to symptoms and signs: a pain, a fever, or a convulsior, such as 
the sacred “falling down” sickness discussed by Hippocrates. 
In the Hippocratic tradition, treatment (that is, medical or 
surgical care, especially a systemic course) always consisted 
of observation, usually of compassion, and sometimes of pla- 
cebo, while waiting for the malady to take its course for better 
or worse. Only the early surgeons seemed to be able to offer 
practical strategies of treatment—to be able to Go some- 
thing—and this was, for the most part, limited to binding 
wounds, setting fractures, and draining abscesses. 

Physicians who followed the teachings of Hippocrates re- 
frained from touching patients as much as possible. (I am sure 
he was very popular with the surgeons of his time.) Hippocra- 
tes stressed the powers of observation in making a diagnosis, 
using all of one’s senses to gather objective evidence. Little 
attention was paid to symptoms because they were consid- 
ered hearsay. Talking with or touching the patient was dis- 


Accepted for publication June 11, 1989. 

From the Department of Surgery, University of Washington, Seattle. 

tDeceased. 

Presented as the presidential address at the 60th Annual Meeting of the 
Pacific Coast Surgical Association, Vancouver, Canada, February 22, 1989. 

Reprint requests to Department of Pediatrics, Room S222, Stanford Univer- 
sity Medical Center, Stanford, CA 94305 (Dr David K. Stevenson). 


Arch Surg—Vol 124, October 1989 





John K. Stevenson, MD 


couraged because it resembled the incantations and ceremo- 
nies common to the cults and quacks of the time. The 
teachings of the Hippocratic school, its notations on both the 
art and science of medical practice, were interpreted and 
appended by many learned men down through theyears; they 
were other Greeks, like Aristotle, and later Galen at the end 
of the second century AD. They were Semitic, Latin, and 
Anglo-Saxon; they were from distant places, disparate cul- 
tures, and other times. We, too, are of the Hippoeratie tradi- 
tion, but from a distant place, a disparate culture, and another 
time, and as surgeons we have always had to touch our 
patients, in fact, wound them in order to heal them. 

Until the middle of the 20th century AD, the idea! physician, 
as seen through the eyes of the patient, was much like the 
physician in the painting by Fildes: devoted, kind, caring, and 
concerned. He would carry a prescription pad and write 
prescriptions for fantastic formulations, typically of various 
vegetable ingredients. The druggist would carefully measure 
the powders, dissolve them in alcohol, and bottle and label 
them with the date, the patient’s name, and instructions on 
how they should be administered. The ingredients were a 
mystery and were intended to be so. The prescription was 
always written in Latin so that it could not be read by the 
patient and thus would heighten the mystery. As Lewis 
Thomas noted in his wonderful book, The Youngest Science,’ 
the skilled physician might have dozens of different formula- 
tions committed to memory. He could write them out in 
detail, but all he could predict about them was their color, 
smell, bitterness of taste, and the likely effects of the concen- 
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Fig 1.—Headdress of a shaman of the Tlingit Indians in the Pacific 
Northwest. Courtesy of the Thomas Burke Memorial Washington 
State Museum, Seattle. 


tration of alcohol used as a solvent. They were mostly place- 
bos—symbols of entrustment, the purpose of which was pri- 
marily reassurance. Such prescriptions were the mainstay of 
medicine, the sole technology for so long a time — millennia — 
that they had the incantatory powers of religious ritual, much 
the same as the rites of the shaman, Doctor Pete. However, 
physicians themselves may have had little faith in the effec- 
tiveness of any of their medicine. They used them in their 
practice because the physician who did not write prescrip- 
tions soon would have no practice at all (and thus not writing 
them could hardly be considered good practice). They hoped 
their concoctions did no harm, and their instructions gave the 
patient and the family at least something to do while the 
illness followed its natura! course. 

This was the art of medicine, the bedside manner. Even in 
Osler’s time it was very much the same. There was little or 
nothing the physician could do. Observation and accurate 
diagnosis were paramount. They enabled the physician to 
prognosticate: to explain to the patient or the family what 
could be expected, what they wanted to know (even as they do 
today), the name of the illness, what might have caused it, and 
what could be its course and final outcome. Indeed, until this 
century, whether one survived an illness or not depended 
most on one’s physical reserve, the nature of the malady, and 
chance. Treatment, that is, what the physician eould actually 
do, made little if any difference. 

Nonetheless, physicians as a group were still revered. 
Indeed, a physician might be almost worshiped by his pa- 
tients. He could do no wrong in their eyes. His opinion was 
sought and valued on most topics. His advice on all matters 
was seriously followed. Usually, a physician was recognizable 
by his dress and demeanor, his image. How were we trans- 
formed from the subjects of Michelangelo to those of Brueghel 
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Fig 2.—Dr Pete. 
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Fig 3.—The Doctor (1891), by Sir Luke Fildes, RA (1844-1927). 
Courtesy of the Tate Gallery, London, England. 





in such a short time? The physician’s image (even as television 
entertained us for 50 years) changed from that of characters 
like the concerned young Dr Kildare, the caring Dr Marcus 
Welby, or the endearing Doc Adams of Gunsmoke to that of 
characters like the cynical Ben Casey, or some of the insensi- 
tive charlatans portrayed on St Elsewhere. 

Until the early 1930s, only surgeons seemed to have their 
hands (literally) on cause and effect, and thus they had the 
only specific treatments for specific ailments, the only true 
“cures.” Operations for tumors, for diseases of the biliary 
system, gastrointestinal tract and thyroid, were common- 
place. At about the same time, medicine started to emerge as 
a discipline of technologies based on applied science. Early 
syphilis could be treated and cured by Ehrlich’s “silver bul- 
let.” Same pneumonias could be treated by antisera. Howev- 
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er, for nearly a third of this century, there was still virtually 
nothing to be done for most infectious diseases, aside from 
providing rest and good nursing care. Only in 1935 was the 
first patient, a 10-year-old girl with Haemophilus influenzae 
meningitis and epiglottitis, treated with the “wonder drug” 
sulfonamide. 

By the end of World War II, legislators had become enam- 
ored with science. Through their experience with the atomic 
bomb, they were convinced that there was no limit to what 
basic science could accomplish given enough money and time. 
As a result, the National Institutes of Health (Bethesda, Md) 
were generously supportive of physician-scientists. Through 
their extramural programs, researchers in medical schools 
discovered, at least, the glory lode. Basic research was in its 
heyday. The explosion of medical science and technology was 
fueled primarily by money. Many of the accomplishments 
over the past 40 years have been the direct result of health- 
related research, but many have also been serendipitous, 
lucky spinoffs from the advances in other fields of inquiry. As 
Winston Churchill commented, man will occasionally stumble 
over the truth, but most of the time he will pick himself up and 
continue on. Nonetheless, society bought science—hook, line, 
and sinker. While we went to the moon and sent spacecraft to 
explore Mars and beyond, we also markedly reduced the 
death rate from heart attack, stroke, and diabetes. We wiped 
smallpox off the face of the earth, and have controlled child- 
hood plagues, like polio, measles, chicken pox, diphtheria, 
and scarlet fever. From a confident generation, I am yet 
confident that with sufficient money, time, and luck (always 
welcome in one’s practice), we will be able to prevent acquired 
immunodeficiency syndrome with a vaccine or cure it with 
medicine. 

Many aspects of surgery that were considered standard 
practice 10 years ago would not pass the careful scrutiny of 
peer review today. Surgical techniques and diagnostic proce- 
dures— proximal gastric vagotomy, gastric stapling, ileoanal 
pull-through, in situ saphenous vein bypass grafts and meth- 
ods of tissue expansion, composite tissue pedicle flaps to cover 
large tissue defects—have already or will soon significantly 
alter or replace what we currently consider to be standard 
procedures. Computed tomography, magnetic resonance im- 
aging, radionuclide imaging, and fiberoptic endoscopy practi- 
cally guarantee us an accurate preoperative diagnosis. Inva- 
sive hemodynamic monitoring, mechanical ventilators, intra- 
aortic balloon pumps, extracorporeal membrane oxy- 
genation, and the like have all drastically changed the 
preoperative and postoperative care of our critically ill surgi- 
cal patients. 

I am awed by the marvelous things we can now do. We, as a 
profession, hold a promise to society for even greater things 
that we can do, yet paradoxically increasing dissatisfaction 
confronts us as physicians and surgeons. We are the victims of 
our own success—the success of our science of medicine. In 
the eyes of many patients, we physicians have assumed only 
the role of scientists rather than healers. Now, many more 
people fear us than love us. I quote a paragraph from Gerald 
Weissmann’s book, They All Laughed at Christopher Colum- 
bus: Tales of Medicine and the Art of Discovery’: 


Science is very properly feared for the evil that scientists do. Law- 
yers did not create thermonuclear bombs, nor were the ges chambers 
at Auschwitz designed by poets. Sociologists did not give DES [dieth- 
ylstilbestrol] to pregnant women, nor did economists inoculate the 
aged with swine flu vaccine. Pathologists have lied in Capetown, and 
psychiatrists have purgered their craft in the Gulag. Organic chem- 
ists have putrefied the rivers of Ohio and poisoned the sky of India. 
Neurochemists have perfected nerve gas and geologists have scalped 
the Southwest. 


He ends by saying, “Forgive us not, our brothers and sisters, 
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for we have known well what we were doing.” He goes on to 
point out that fear of science can influence the funding of 
research. It can also influence the regulation of medical sci- 
ence and technology, and thereby the practice of medicine and 
surgery. Witness the regulation or impending regulation of 
fetal surgery, transplantation surgery (including the use of 
fetal tissue), and surgery for Parkinson’s disease and Alz- 
heimer’s disease. 

Ironically, the explosion of medical science and technology 
has come between the physician and the patient. We have 
become more and more dependent on computer forms filled in 
by secretaries or clerks, and on other paramedical personnel 
for the taking of histories and the performing of much of the 
physical examination. Ever more sophisticated instrumenta- 
tion translates minute physiological variations into the lan- 
guage of machines. Some of us would prefer to look at a 
computer screen rather than at our patients. Even the stetho- 
scope, the symbol of direct contact between the physician and 
the patient, is rapidly becoming outmoded. Yet, what is 
happening should not surprise us; it can be traced to antiqui- 
ty. Since Hippocrates’ time, medicine has strived to do away 
with subjectivity. Medical instrumentation was designed to 
eliminate clinical diversity of opinion and the error and the 
controversy that accompanied it. However, Osler cautioned 
that physicians should never let others do their laboratory 
work for them. As early as 1910, it was reported that physi- 
cians did not supervise their own laboratory work sufficient- 
ly. They were said to have the work done at some distance 
from their office and thus lose (in a measure) the most impor- 
tant relationship: that between the laboratory findings and 
the clinical picture, as manifested by the patient. 

Rapid advances in technology have made it increasingly 
difficult, if not impractical, for the average physician and 
surgeon to personally maintain or use in his office many of the 
new diagnostic or therapeutic methods, because they are too 
complicated, too time-consuming, or too expensive. Lronical- 
ly, we have come to rely on the results too much to trust 
ourselves to do the test. What we have thought we needed 
were experts. To become an expert in medicine early in the 
20th century meant becoming a specialist. In 1912 William 
May wrote, “So vast is the extent of knowledge to be gained of 
disease that no one man can hope to accomplish more than a 
small share during his lifetime. The old-time family practitio- 
ner has passed away and with him has passed individualism in 
medicine.” After World War II, medical practice changed 
drastically because of increased specialization and the diversi- 
fication of expertise. Young medical school graduates knew 
that in the future, success (academic and financial) would go to 
the most highly specialized and certified. This belief was 
reinforced by the health insurance industry. Medica! science 
provided the special tools and sophisticated therapeutic strat- 
egies, and the insurance companies removed the financial 
restraints on their use. (Those were the days! Alas, they did 
not last long.) 

As legions of young physicians emerged from the innumer- 
able subspecialty training programs and entered the modern 
era of medicine, they seemed strangely content to accept a 
fragmented, patchwork approach to medical practice. They 
were pediatric ophthalmologists, adolescent urologists, geri- 
atric cardiologists, and so on, and so on. Now there are so 
many of them in overspecialized fields that they are forced to 
advertise for patients in the classified advertisements among 
the masseurs and tattoo artists. The practice of medicine has 
moved from the medical office building to the shopping mall 
next to the beauty salon. As Weissmann observed, in the 
cities, physicians have become employees of business or of the 
state. In our teaching hospitals, security guards outnumber 
roentgenographic technicians, and physicians sport identity 
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tags like baggage at the airport. Machines and management 
replace the laying on of hands. Ancillary personnel take his- 
tories and comfort patients. Accountants decide how long the 
sick shall lie in bed. 

We are now restrained everywhere and in every way are 
restricted in how we can practice medicine. The relatively 
private relationship between physician and patient has be- 
come increasingly entangled in the web of public red tape 
woven by government officials at federal, state, and local 
levels, as well as by representatives of business and insurance 
organizations. The burgeoning costs of technology are mak- 
ing medical care so expensive that taking time to talk to a 
patient seems like an archaic luxury. However, the lack of 
personal contact —really a lack of time for intimacy —has led 
to the patient’s deepening sense of alienation from the physi- 
cian. The patient has come to view the modern physician as a 
remote scientist-teehnician rather than a healer. The growing 
number of malpractice suits is one outward sign of the increas- 
ing lack of trust in the relationship between the physician and 
the patient. 

What should we do now? As scientists, we have been 
trained in the way of the scientific method and we have 
learned that it will provide solutions to many health problems, 
that science is necessary in modern medicine. However, the 
flourishing of “holistic practitioners” in our society has proved 
that is not all that is necessary, or at least that our progress 
has not been as rapid as we had hoped. As physicians, we must 
remember that we live in two worlds: the world of medical 
science, which provides us with our ideals (our models of 
understanding ourselves) and with real advances against dis- 
ease, and the world of people, persons with instincts, with 
pain and suffering, hope and joy. What the eyes of the surgeon 
can see, his hands can do. But our hands do more than operate, 
they touch people ‘people who were once vulnerable and 


entrusted to us, like the little girl in the painting who needed 
an operation to save her life); we touch people and change 
their lives. Hippocrates was wrong about the laying on of 
hands. As healers, we have not changed for millennia—our 
place is still at the bedside of our patients as it was for Dr Pete. 
As surgeons, there is still much work at hand. 


John K. Stevenson, MD, president of the Pacific Coast Surgical Association, 
died November 14, 1988, 3 months before the 1989 meeting. His presidential 
address was read by his son, David K. Stevenson. 
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Acceptance of the Presidential Medallion 


It is with great pride and humility that I accept this medallion on 
behalf af my husband. I know he was most honored to have been 
chosen president of the Pacific Coast Surgical Association—as he 
recognized the great esprit de corps of this unique group of surgeons. 

At this time I would like to take the opportunity to thank everyone 
who has been so wonderfully supportive these past difficult months. 
We will remember you as loving and caring friends. 

Steve, or John, as many ef you called him, would be honored that 
you have allowed me to accept this medallion for him. I can think of 
no better quote to express how Steve felt than that from Osler’s 
L’Envoi “I have loved no darkness, sophisticated no truth, nursed no 
delusion, allowed no fear.” 

Thank you. 


VIRGINIA HANCOCK STEVENSON 
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ARCHIVES OF INTERNAL MEDICINE 


Sensitivity, Specificity, and Cost-effectiveness of the Sensitive Thyrotropin Assay in the 
Diagnosis of Thyroid Disease in Ambulatory Patients 
Edith T. de los Santos,MD; Gale H. Starich, PhD; Ernest L. Mazzaferri, MD 


The sensitivity and specificity of two sensitive thyrotropin assays were compared with those of other 
standard thyroid function tests in 544 ambulatory subjects who were clinically euthyroid, thyrotoxic, or 
hypothyroid. Both sensitive thyrotropin assays had the highest sensitivity and specificity (95%/89% and 
92%/95%), followed by estimated free thyroxine (T,) level (82% and 94%), calculated free T, index (78% and 
93%), and free triiodothyronine index (86% and 88%). Sensitivity of the two thyrotropin assay kits in the 
diagnosis of thyrotoxicosis was 86% and 95%, and that in the diagnosis of hypothyroidism was 92% and 94%. 
Other tests were nearly as sensitive in the diagnosis of thyrotoxicosis but not hypothyroidism. A cost 
analysis of a testing strategy that used either total T,, free T, index, or sensitive thyrotropin assay alone as 
the first-line thyroid test disclosed that to establish the patient’s thyroid metabolic status would have cost 
$11 093, $14536, and $24 902, respectively, using each test first. We suggest that, at current prices, routine 
use of the thyrotropin assay as a first-line test in ambulatory patients is not as cost-effective as the free T, 


index (Arch Intern Med. 1989;149:526-532). 
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Treatment of Locally Recurrent 


Breast Carcinoma 
Michael R. Probstfeld, MD, Theodore X. O’Connell, MD 


è Treatment of locally recurrent breast carcinoma remains a 
significant problem. The records of 106 patients with local chest 
wall recurrence were reviewed. Fifty-five percent eventually de- 
veloped metastatic disease, while 45% remained free of systemic 
disease. Size of primary tumor (>2 cm), number of recurrences 
(multiple), and disease-free interval from primary surgery (<2 
years) were all highly significant for the development of metastat- 
ic disease. Negative estrogen receptors also predicted bad prog- 
nosis. Both irradiation and surgery used alone had high local 
failure rates of 83% and 62%, respectively, but combination radia- 
tion-surgery treatment failed only in 25%. Combination radiation- 
surgery treatment should be considered in patients with local 
recurrence, but further prospective trials with more patients will 
be needed to prove its effectiveness. Patients with unfavorable 
prognostic factors should be considered for adjuvant chemo- 
therapy. 

(Arch Surg. 1989;124:1127-1130) 


ancer of the female breast recurs locally on the chest wall 

in a small but significant percentage of patients treated 
by mastectomy. The incidence of local recurrence varies from 
5% to 30% in reported series, with the majority of studies 
reporting an approximate 10% to 15% rate." 

Historically, local recurrence has been proposed to be a 
manifestation of systemic disease and to thus have an ex- 
tremely poor prognosis. As many as 100% of patients with 
local recurrence have been described to eventually develop 
metastatic disease.” This finding has led to a pessimistic ap- 
proach in the treatment of ehest wall recurrence. The major- 
ity of such recurrences are treated palliatively rather than 
with curative intent. Although surgical excision or chest wall 
resections have been described as a treatment option by 
several authors,”’ the majority of reports in the literature 
suggest that radiation therapy is the treatment of choice for 
these patients.“ However, there have been no prospective 
and few retrospective trials to support this recommendation. 

With advancement in both the diagnosis and treatment of 
breast cancer, including more effective chemotherapy and 
supportive treatment for patients with metastatie disease, 
there has been improved survival and palliation. More signifi- 
cantly, the use of adjuvant hormonal chemotherapy in treat- 
ment of subclinical metastatic disease has significantly in- 
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creased the disease-free survival and overall survival in 
treated patients. Applying some of these moderr methods of 
treatment may have a significant effect on the outeome of 
patients with local recurrence. The bleak prognosis once giv- 
en these patients may not be valid at the present time, and 
aggressive local therapy and effective adjuvaat systemic 
treatment may be indicated. 

This retrospective analysis was undertaken tə determine 
whether local recurrence always indicates metaszatic disease 
and thus makes the patient incurable. If this were not the 
case, could criteria be established to identify the subgroup 
with a high likelihood of developing metastatic disease. Using 
such criteria to select patients, local control measures could 
be used alone on patients with a good prognosis, whilemodern 
effective adjuvant therapy could be utilized in those patients 
with a high risk of developing disseminated disease. ‘lo deter- 
mine the best treatment modality for long-term control of 
local recurrence, the various treatment modalities used were 
analyzed retrospectively and correlated with long-term out- 
come. Even when patients are not cured by the =reatment of 
their local disease, the treatment should be effective in long- 
term control of that local disease to produce adequate pallia- 
tion. The question arises at this time whether radiation thera- 
py used alone is the most effective means of produring durable 
control of chest wall recurrences. 


PATIENTS AND METHODS 


One hundred six patients were treated for local recurrence of 
breast cancer on the chest wall at the Southern California Kaiser 
Permanente Medical Centers from January 1, 1975 to December 31, 
1985. All patients selected for this review had been initially treated 
by either radical mastectomy, modified radical masteetomy, or sim- 
ple mastectomy. Patients had only chest wall recurrenees, and those 
with simultaneous nodal or distant metastases were excluded. Local 
recurrence was defined as a biopsy-proved cancer present on the 
ipsilateral chest wall after mastectomy. Lesions involved skin, subeu- 
taneous tissue, muscle, and/or bony chest wall. The patients had 
developed one or more recurrences on the chest walland had been 
treated with either surgical excision alone, radiation sherapy alone, 
or surgical excision followed by radiation. 

The age of the patients ranged from 26 to 87 years, with a median 
age of 52 years. Follow-up ranged from 6 months to 12 years, witha 
median follow-up of 5.5 years. 

Operative and pathologic reports were examined aad five clinical 
factors were evaluated to determine whether any of these correlated 
with the risk for developing metastatic disease. The eriteria exam- 
ined included lymph node status of the primary tumor, size of the 
primary tumor, estrogen receptor (ER) status of the primary tumor, 
number of recurrences, and disease-free interval from mastectomy to 
recurrence. 
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Predictors of Metastatic Disease* 


Percentage (No./Total) 
of Patients 


Predictor Developing Metastases 


Lymph nodes of primary tumor 
Positive 55 (32/58) i 
Negative 50 (18/36) 

Size of primary tumor, cm 
>2 64 (54/85) l 
<2 19 (4/21) 

Receptors of primary tumor 
Negative 
Positive 

No. of recurrences 
Multiple 


Single 


78 (7/9) | 
5D (12/24) . 


83 (33/40) 
38 (25/66) 
Disease-free interval, y 
<2 84 (32/38) } 
>2 38 (26/68) 


*Statistical methods used included Fisher's Exact Test and Pearson's x? test. 
NS indicates not significant. 


RESULTS 


Of the 106 patients evaluated in this study, 58 (55%) eventu- 
ally developed disseminated disease during the follow-up pe- 
riod. Forty-six (80%) of the 58 patients have subsequently 
died of metastatic breast cancer. However, 48 patients (45%) 
have not developed metastatic disease during the course of 
the follow-up. Three of these patients have died of unrelated 
causes, without evidence of metastases. The remaining 45 
(42%) remain alive and free of distant disease from 6 months 
to 12 years after treatment. 

Five clinical factors were evaluated to determine any corre- 
lation with subsequent development of metastases. The find- 
ings are summarized in the Table. Lymph node involvement 
of the primary tumor was not predictive of the development of 
metastases after local recurrence. Fifty-five percent of pa- 
tients with positive lymph nodes developed metastases, while 
an almost identical percentage of patients with negative 
lymph nodes eventually showed evidence of metastatic dis- 
ease. On the other hand, the other four criteria had predictive 
ability. When size of the original primary tumor was corre- 
lated with development of metastases after local recurrence, 
it was found that only 19% (4/21) of patients with primary 
tumors less than or equal to 2 cm developed metastases, while 
64% (54/85) of patients with primary tumors larger than 2 cm 
ultimately developed metastatic disease. The correlations 
with ER status were less marked, but a definite trend was 
identified. Seventy-eight pereent (7/9) of patients with nega- 
tive ERs on the primary tumor developed metastases after 
local recurrence, but only 50% (12/24) ef patients with positive 
ERs eventually demonstrated metastatic disease. The num- 
ber of local recurrences was also predietive. Of the 66 patients 
with a single local recurrence, only 25 (38%) developed metas- 
tases. However, of those patients with multiple recurrences, 
83% (33/40) eventually developed widespread disease. 

Disease-free interval from time of treatment of the primary 
tumor to the time of local recurrence was also a significant 
factor. If the time interval was less than or equal to 2 years, 
then 84% (32/38) developed metastases. On the other hand, if 
the disease-free interval exceeded 2 years, only 38% (26/68) 
had signs of metastatic disease. 

The significance of these various unfavorable prognostic 
factors of size of primary tumor (>2 cm), ER receptor status 


1128 Arch Surg—Vo! 124, October 1989 





of primary tumor (ER negative), number of recurrences (mul- 

tiple), and disease-free interval from treatment of primary 

tumor to local recurrence (<2 years) were magnified if consid- 

ered together. The development of distant metastases as a 

cing of number of unfavorable prognostic factors is shown 
elow: 


No. of Unfavorable No./Total (%) of Patients 
Prognostic Factors Developing Distant Metastases 
3or4 11/11 (100) 
2 28/46 (61) 
1 17/32 (53) 
0 2/17 (12) 


Eleven patients had three or more unfavorable characteris- 
tics and 100% developed metastatic disease. On the other 
hand, 17 patients lacked any of the poor prognostic criteria, 
and only 12% (2/17) developed metastases. Patients with one 
or two bad prognostic factors had intermediate risk of devel- 
oping metastatic disease. 

The effectiveness of three treatment modalities (surgical 
excision, radiation therapy, and surgery plus radiation) were 
evaluated independently of all other factors. Local re-recur- 
rence as a function of treatment is shown below: 


Local Re-recurrence, 


Treatment Modality No./Total (%) of Patients 
Surgical excision 48/74 (62) 
Radiation therapy 20/24 (83) 
Surgery and radiation 2/8 (25) 


When radiation therapy was used alone, it was found to be 
poorest in terms of local control, with 83% (20/24) of these 
patients showing subsequent re-recurrence. Surgical exci- 
sion used alone was not significantly better, failing in 62% 
(48/74). Patients treated with a combination of surgical exci- 
sion and radiation therapy had the most favorable results; 
only 25% (2/8) of these patients had re-recurrence locally. 


COMMENT 


Although the local recurrence rate of breast cancer treated 
by mastectomy has been quoted at 10% to 20%,"* this seems 
higher than the majority of surgeons report in their practice. 
This difference may be due to two reasons. First, the surgeon 
may not see all local recurrences because the patient is re- 
ferred directly to the radiation therapist and/or medical oncol- 
ogist, bypassing the surgeon. Second, at the present time, the 
rate may be actually lower. The incidence of local recurrence 
correlates with the size of the primary tumor and with axillary 
node metastases." With better patient education and more 
effective screening modalities, such as mammography, it is 
hoped that patients are being treated at an earlier stage with 
smaller tumors and less axillary disease. This is supported by 
a more recent study that shows a local recurrence of only 
4.7%.“ However, even with this lower incidence, we will still 
be called on to treat local recurrence and must be able to do so 
effectively. 

Effective treatment of cancer of the breast is an ever- 
evolving endeavor. Similarly, treatment of local recurrence of 
breast cancer needs to be investigated and redirected to 
progress significantly. The previously held notion that all 
patients with local recurrence will develop distant metastases 
and eventually die may not be true in the modern era. Pa- 
tients with both local chest wall recurrence and nodal metas- 
tases (local regional failure) have a high rate of dissemination, 
but patients with only chest wall recurrence have a signifi- 
cantly better prognosis.” The present study shows that 45% 
of the patients remain free from distant disease at a median 
follow-up of 5.5 years. This finding agrees with many other 
recent studies, which have shown a 20% to 50% freedom from 
distant metastases at 5 years. ™®™**" Even if these patients 
were all to eventually develop distant metastases and die, 
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their long-term survival mandates effective and durable 
treatmentof their local disease. 

The previously held pessimistic viewpoint of rapid develop- 
ment of distant disease and short-term survival indicated only 
palliative treatment. Only relatively short-term local control 
was achieved. This study and other series show this to be an 
incorrect view. Obviously, the present methods of treatment 
of local reeurrence do not meet our objectives of effeetive and 
long-term control. Forty-two percent of our patients who 
have not developed distant metastases showed local failure 
after treatment and had re-recurrence. This finding agrees 
with other articles in the literature, which have shown a local 
re-recurrence (or failure of local treatment) of 40% to 
80%."""""* Even patients who develop distant metastases 
should have effective local treatment and freedom from the 
various side effects of local recurrence. Although this may not 
extend their life, it may have a profound effect on their quality 
of life. Bedwinek et al have shown that 62% of the patients 
who have showed local failure of control have significant 
quality of life issues connected with this failure. 

It is obvious that presently employed methods of treatment 
of local recurrence of breast cancer are not adequate Zor either 
potential cure or long-term control. This study demonstrates 
a failure rate of 76% when radiation therapy alone is used and 
a 66% failure rate for surgery alone. This is not a randomized 
prospective study, and clearly the patients treated by radia- 
tion and/or by surgery may not be comparable. However, 
with either form of treatment, the results are not acceptable. 
This is borne out by a review of the literature, which shows a 
failure rate of approximately 60% even with extensive chest 
wall resection.” The radiation therapy literature also shows 
such a dismal long-term control rate, with failures ranging 
from 42% to 80%." 

The combined treatment of surgical resection of all macro- 
scopic disease followed by wide-field comprehensive radiation 
therapy had a local failure rate of only 25%. Again, this is not a 
randomized series and the patients treated with combination 
therapy may be expected to have the largest and most exten- 
sive tumers with the highest chance of failure. The literature 
shows that inadequate radiation (<40 Gy) may be made ade- 
quate by prior resection of all the macroscopic disease. *"* This 
combination of therapies makes excellent theoretical sense. 
Surgery is excellent at removing the bulk disease but does 
nothing for other microscopic disease elsewhere on the chest 
wall, which leads to ultimate local failure. While radiation 
therapy is excellent for control of microscopic disease, it does 


less well with macroscopic and especially bulk disease. In the 
treatment of primary breast cancer, the macroscopic disease 
is first removed by partial mastectomy (lumpectomy, qua- 
drantectomy, etc), and then radiation is used to treat any 
residual microscopic disease in the breast. This combmation 
has been highly effective, with a local recurrence rate in 
primary breast cancer treated by this combination therapy of 
only 5% to 8%. Either modality used alone is not nearly as 
successful, with a local recurrence rate in the breast of ap- 
proximately 25%. This combination of therapy may also be the 
best for local recurrence. 

The use of the criteria utilized in this study allows one to 
select patients who are prone to develop systemic disease. 
The patients who have good prognostic factors, that is, pa- 
tients who have original tumors less than 2 cm in diameter, 
are ER positive, have a disease-free interval of greater than 2 
years, and have a single recurrence, may be treated with 
aggressive local therapy alone. 

On the other hand, those patients who have one or more 
unfavorable prognostic factors have a greater (52% te 100%) 
chance of developing metastatic disease. These patients 
should also be treated aggressively locally to obtain maximum 
palliation; however, they should also be considered for adju- 
vant hormonal chemotherapy to treat their presumed micro- 
scopic metastatic disease. Unfortunately, such a study to 
prove a benefit of adjuvant therapy in this situation has not 
been done. Such selective criteria may be used te select 
patients to participate in a multi-institutional protocol to 
prove if such adjuvant therapy is of any benefit. 

Local chest wall recurrence after mastectomy for earcino- 
ma of the breast remains a significant problem. Currently 
employed therapy utilizing radiation therapy or surgery 
alone does not produce effective and durable lecal control. 
More effective local control with increased palliation and 
improved quality of life appears to be attained by combination 
surgery and radiation therapy. However, furtherprospective 
studies with a larger group of patients need to bedone before 
this can be proved to be the most effective form of treatment. 
Nevertheless, even when using such aggressive local treat- 
ment, a high percentage of patients ultimately develop meta- 
static disease and die. Criteria can be used to select those 
patients with the highest likelihood of development of meta- 
static disease. These high-risk patients should be considered 
for adjuvant hormonal chemotherapy, but a large national or 
multi-institutional prospective randomized trial needs to be 
performed to prove the worth of this approach. 
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Discussion 


JAMES E. GOODNIGHT, MD, Sacramento, Calif: It is certainly 
worthwhile to examine loeal recurrence of breast cancer in the light of 
current therapy. 

The authors indicate that 45% of patients with local recurrence 
have not developed metastatic disease at a 5.5-year median follow-up 
(I presume this means from time of treatment of local recurrence), 
Did they determine the median time from treatment of local recur- 
rence to development of metastatic disease, and were all patients in 
the study followed up for at least this length of time? Approximately 
40% of the nonmetastatic group developed additional local recur- 
rences that would put them at risk for developing distant metastases, 
and the length of follow-up in this group would be important. 

It is evident, however, that a significant group, somewhere be- 
tween one third and one half of these patients, ean be cured by 
controlling the local recurrence. In this group of 106 patients with 
local recurrence only, why were 70% treated by surgery alone? 

To help develop guidelines for treatment of these patients, the 
authors have examined certain characteristics of the primary tumor 
and the local recurrenee as five risk factors for developing metastatic 
disease after the local recurrence. Why were these factors chosen and 
others excluded (such as age, menopausal status, number of lymph 
nodes positive, and possibly histologic study of the primary tumor)? 
Since 88% of the 106 patients had one or more of the unfavorable risk 
factors for developmen: of metastatic disease after local recurrence, 
would the authors treat all these patients with systemic therapy in 
addition to local treatment? 

LEONARD D. ROSENMAN, MD, San Francisco, Calif: The category 
of patients with later recurrenees, that is, 10 to 20 years or longer, 
demonstrates a signal to their surgeons to expect metastatic disease. 
In the-cases that I have seen, most have developed pleural metastases 
not only on the same sice but also contralaterally. 

RONALD G. LATIMER, MD, Santa Barbara, Calif: Did you look at 
lymphatic invasion histologically? Did you do flow cytometry? Does 
“wide excision” mean excision with a skin graft or not? 

ROGER E. MOE, MD, Seattle, Wash: What kind of treatment did 
those patients receive prior to their recurrence? One would assume 
that many of those were patients with positive nodes who had adju- 
vant chemotherapy. Among the patients with negative ERs, many of 
them might have been treated with doxorubicin hydrochloride 
(Adriamycin). 

Is there any way to sort out those who developed local recurrence 
without distant metastases? 

DONALD L. MORTON, MD, Los Angeles, Calif: There is ample 
evidence in the literature from past series that about 20% of people 
with local recurrence of breast cancer would, in fact, be 5-year 
survivors following local treatment of chest wall recurrence. 

The authors’ reported survival rate of 45% following local recur- 
rence is very much higher than that found in the literature. Some of 
the difference may be due to the fact that treatment of primary breast 
cancer was less than optimum. I am seeing patients who supposedly 
had total mastectomies, where there is ample evidence of breast 
tissue remaining. Therefore, the authors’ experience may be similar 
to the experience with recurrence following partial mastectomy or 
segmental resection where the salvage rate is 50% following mastec- 
tomy. I would ask the authors whether those womenwho appeared to 
have only local recurrences, and did not develop systemic disease, 
were more likely to have had less-than-optimum mastectomy. 

Secondly, what is wide local resection for recurrent breast cancer 
on the chest wall? Do you really mean a generous biopsy or a surgical 
approach designed to obliterate all the local disease? 

MEREDITH SMITH, MD, Seattle, Wash: I would make one point 
concerning the long latent period of metastases. Over the years, 
lymph node status was the most established statistical way of predict- 
ing local recurrence. Why is it now not as significant? Dr Tom White 
performed a radical mastectomy on a 33-year-old woman in 1954. She 
had a recurrence 32 years later in the lower chest wall in the fascia and 
died in 1986. The 32 years between primary tumor and recurrence is 
close to the record, which I believe is 35 years. 
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JOHN R. BENFIELD, MD, Sacramento, Calif: We all know that with 
breast cancer 5 years is not enough basis for conclusions as to actual 
outcome of therapy. Breast cancer is a disease that may recur many 
years later. 

It is difficult to accept that there was not a correlation between 
lymph nede status and outcome. If I understood them correctly, your 
findings that lymph node status was not a predictor of outcome are 
unique ia breast cancer. Would you please clarify and explain your 
observation? 

DR O'CONNELL: Dr Goodnight, your question was how long is the 
average time from local treatment to development of metastases? 
The med.an time to failure was 15 months and the average follow-up 
was 5.5 years, so the time to failure is included. 

Why were 70% of the patients treated with surgery alone? In this 
retrospective study, the patient was often treated by the follow-up 
physician. If the patient was followed up by a surgeon, she was often 
treated surgically. If the patient was being followed by a medical 
oncologist or an internist, she was often treated by radiation therapy. 
There was no specific means of selection. One of the purposes of this 
report was to structure some order into the treatment of these 
patients who currently are treated in different ways. 

Dr Goednight also asked why age of patient, menopausal status, 
histologic study, and lymphatic invasion were not included in our 
criteria. In this retrospective review, menopausal status could not be 
determinad by chart review on many patients. As to age, those who 
were over 50 years old did significantly better than those patients 
under 50 years of age. Histologic studies and many more criteria 
could be examined in the future for application to selection of treat- 
ment. For years, good clinical surgeons have done this on intuition 
and clinical experience, but I hope that in the future we will also have 
some hard numbers and hard science to help guide us. 

If we feund one or more of the unfavorable prognostic factors, we 
would treat the patient with systemic therapy. Patients with one or 
more unfavorable prognostic factors had a 538% chance of developing 
metastatic disease and should be considered for systemic therapy. 

Dr Rosenman, we did not really look into the type of metastatic 
disease pattern that the patient developed and cannot comment on 
pleural recurrences. 

Dr Lat:mer, we did not look at lymphatic invasion or flow cyto- 
metry in this study. 

In this retrospective study, all sorts of wide excisions were done. 
We were just comparing surgery and irradiation. Radiation therapy 
varied as “ar as field size, dose of radiation, etc. To compare specific 
therapy, we need to do a prospective study. 

Dr Moe, we did not include adjuvant chemotherapy in our retro- 
spective analysis. Many patients in the first part of the study from 
1975 to the early 1980s were not treated with meaningful adjuvant 
chemotherapy. 

Dr Moron, what we are really comparing are patients in whom 
failues are occurring because of various local factors vs those whose 
local failure is simply a manifestation of systemic spread of an aggres- 
sive tumor. What those factors were that led to failure of treatment is 
impossible to determine by the retrospective chart review. 

Dr Benseld, 5 years’ follow-up is not enough. Some of these pa- 
tients may suffer recurrence at 15 or 20 years. Therefore, the local 
control that is only of short-term effect is no longer acceptable. In the 
past, inflammatory breast cancer was treated only with radiation 
because the patient did not live long enough to have local recurrence. 
Now, however, with chemotherapy and other supportive means, 
these patients are living long enough to experience local radiation 
therapy falure that in the past was thought to be adequate. When 
patients are going to live 5 or 10 years after treatment, radiation 
therapy alene does not seem durable enough to produce the long-term 
control that is needed. 

Dr Benfield, regarding lymph node status and its lack of effect on 
outcome, i: is very similar to the development of metastatic disease. 
Once patients develop local recurrence, it does not make any differ- 
ence whether they originally had stage I or stage II disease. 
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Value of Measuring Hormone Receptor 


Levels of Regional Metastatic 


Carcinoma of the Breast 


John A. Butler, MD; Thomas Trezona, MD; Hernan Vargas, MD; David State, MD 


è To assess the value of measuring the estrogen- and proges- 
terone-receptor content of metastatic nodal disease, 38 women 
with node-positive breast cancer were prospectively evaluated. 
Receptor content of the primary tumor and a pathologically con- 
firmed positive node were measured simultaneously using a 
dual-isotope, dextran-coated, charcoal-binding assay. A recep- 
tor content of greater than or equal to 10 fmol/mg of cytosol 
protein was considered positive for both the estrogen-receptor 
and progesterone-receptor assays. Overall concordance be- 
tween the primary tumors and the nodal metastases was 82% 
(31/38 patients) for the estrogen-receptor measurements and 
84% (31/37 patients) for the progesterone-receptor measure- 
ments. Paired receptor levels were significantly correlated: 
r=.745 for the estrogen-receptor measurements and r=.805 for 
the progesterone-receptor measurements. Despite this correla- 
tion, 6 (25%) of 24 patients with an estrogen receptor—positive 
primary tumor had an estrogen receptor—negative nodal metas- 
tasis. Four (20%) of 20 patients with a progesterone receptor- 
positive primary tumor had a progesterone receptor—negative 
nodal metastasis. Six (24%) of 25 patients with tumors labeled as 
hormonally sensitive on the basis of the receptor content of the 
primary tumor had receptor-negative nodal disease. In reflecting 
the hormonal status of the more aggressive elements of the 
primary tumor, receptor levels of metastatic nodes may provide 
more useful information than the levels of the primary tumor as a 
guideline for further therapy. 

(Arch Surg. 1989;124:1131-1135) 


T clinical significance of both the estrogen-receptor 
(ER) and progesterone-receptor (PR) content in the 
management of patients with breast cancer has been firmly 
established. Steroid receptor assays are used to determine 
the need for additional treatment and to define the role of 
hormonal therapy after the initial surgical management of the 
primary tumor. The response rate to endocrine manipulation 


in patients with ER-positive tumors, however, is only in the 
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range of 55% to 60%.'* While the addition of the PR improves 
our ability to predict a response, 20% of patients with both 
ER- and PR-positive tumors do not respond to hormonal 
therapy.’ 

At this time, receptor assays are performed almost exclu- 
sively on biopsy specimens of the primary tumor. Several 
studies have reported small but significant differences when 
comparing receptor values obtained from the primary tumor 
with those obtained from sites of either regional or systemic 
metastases.** In addition, investigators have found consider- 
able variation in the results of assays taken from various 
segments of the same tumor mass.” These findings support 
the observation that breast cancers consist of a heteroge- 
neous population of both receptor-rich and receptor-poor cells 
that may vary with respect to their potential for metastatic 
spread. 

To assess the accuracy of using receptor measurements of 
the primary tumor as a guide for subsequent therapy, we 
prospectively evaluated 38 patients. Simultaneous assays of 
the ER and PR content of the primary and regional metastatic 
tumors were performed in these node-positive patients. 


PATIENTS AND METHODS 


Steroid receptor assays were performed on 232 patients with pri- 
mary breast cancer treated at the Harbor-UCLA Medical Center 
from July 1985 to January 1989. Thirty-seven patients had both ER 
and PR assays performed on sequentially obtained tissue speeimens 
from the primary tumor and a regional lymph node. One additional 
patient had only ER assays performed. Thirty patients were post- 
menopausal and 8 were premenopausal with a median age of 54 years 
(range, 34 to 84 years). All patients had pathologically confirmed 
nodal disease and all nodes sampled were grossly replaced with 
tumor. No patient received either endocrine therapy or cytotoxic 
chemotherapy prior to the performance of the studies. 

The specimens sent for analysis were immediately frozen in liquid 
nitrogen. All ER and PR assays were performed at the Nichols 
Institute Reference Laboratories, San Juan Capistrano, Calif. The 
estrogen and progesterone assay is a dual-isotope, dextran-coated, 
charcoal-binding assay. Malignant tissue is homogenized in buffer 
solution containing molybdate and receptor preservative and ultra- 
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Table 1.—Estrogen-Receptor Status of 38 Patients 
Undergoing Simultaneous Sampling of Primary Tumor and 
Regional Lymph Node* 


Node 
Positive 
Negative 
Negative 
Positive 


*The concordance between primary tumors and nodal metastasis is 82% 
(31/38 patients) and the discordance is 18% (7/38 patients). 





centrifuged to obtain a cytosol fraction. Various concentrations of 
iodine 125 estradiol and tritium ORG 2058 are added to the cytosol. 
After incubation, bound isotope is separated from free isotope with 
dextran-coated charceal. The bound fraction is then quantified on a B- 
counter. After subtraction of the nonspecific binding, the data were 
analyzed by Scatchard analysis. Results were reported in femtomoles 
per milligram of cytosol protein. Values of less than 10 fmol/mg of 
cytosol protein were considered negative, values between 10 and 49 
fmol/mg of protein were considered positive, and values of 50 fmol/mg 
of protein or more were considered strongly positive for both estro- 
gen and progesterone assays. 

Linear regression analysis was used to correlate the receptor 
values of the primary tumor and nodal disease. A paired Student's t 
test was used to compare the logarithms of the concordant values for 
ER and PR content. A value of P<.05 was interpreted as statistically 
significant. 

RESULTS 


The frequency ofdetection of ER and PR in primary tumors 
and regional metastatic disease is shown in Tables 1 and 2. 
The overall frequency of receptor-positive tissue in primary 
tumors vs regional metastatic disease was not significantly 
different. In comparing the receptor levels of the primary 
tumor and lymph nodes, the paired values were significantly 
correlated. The correlation coefficient was .745 (P<.001) for 
the ER values and .805 (P<.001) for the PR values. 

Results from the simultaneous ER measurements are 
shown in Table 1. There were 38 patients who had ER levels 
assayed on both primary and regional metastatic disease. 
Overall concordanee between the primary tumors and the 
nodal metastasis was 82% (31/38 patients). Despite the corre- 
lation between the paired receptor levels, however, 6 (25%) of 
24 patients who had ER-positive primary tumors had ER- 
negative nodal metastasis. One (7%) of 14 patients with an 
ER-negative primary tumor had an ER-positive nodal 
metastasis. 

Results from simultaneous PR measurements are shown in 
Table 2. Overall concordance between the primary tumors 
and nodal metastasis was 84% (31/37 patients). Again, despite 
the correlation between the paired receptor levels, 4 (20%) of 
20 patients who had a PR-positive primary tumor had PR- 


negative nodal metastasis. Two (12%) of 17 patients with a. 


PR-negative primary tumor had PR-positive nodal meta- 
stasis. 

When analyzed from the standpoint of therapeutic decision 
making, 25 of the 38 patients would have been considered 
suitable candidates for hormonal therapy on the basis of 
either a positive assay for both ER and PR measurements or a 
strongly positive (>50 fmol/mg) result in either of the two 
assays taken from the primary tumor. In evaluating that 
decision on the basis of the results from the nodal samples, 6 
(24%) of the 25 patients selected as appropriate candidates for 
endocrine therapy would be labeled as having hormonally 
insensitive tumorsfrom the results of the nodal assays. Only 1 
(8%) of 13 patients felt to have unresponsive tumors on the 
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Table 2.—Progesterone-Receptor Status of 37 Patients 
Undergoing Simultaneous Sampling of Primary Tumor and 
Regional Lymph Node* 


No. (%) 
of Patients 


5 (43) 


Primary 

Tumor Node 

Positive Positive 

t5 (41) Negative Negative 
4 (11) Positive Negative 
2 (5) Negative 

*The concordance between primary tumors and nodal metastasis is 84% 
(31/37 patients) and the discordance is 16% (6/37 patients). 





Positive 


primary assays would be reclassified as hormonally sensitive 
on the basis of the nodal results. 

In patients whose assay results were positive for both the 
primary tumor and nodal metastases, the values reported for 
the nodal disease were significantly higher than those for the 
primary tumor. For the ER assays, the nodal deposits had a 
mean+SD level of 383 +462 fmol/mg of cytosol protein vs 
191 +201 fmol/mg for the primary tumor (P = .018). A similar 
trend was noted in the progesterone studies: a mean of 
332 +249 fmol/mg of cytosol protein for the nodal disease vs 
241+178 fmol/mg for the primary tumor. This difference, 
however, was not significant. 


COMMENT 


The steroid-receptor content of breast cancer is an impor- 
tant prognostic factor in determining the need for adjuvant 
therapy after surgical treatment of the primary tumor as well 
as in identifying those patients most likely to respond to 
hormonal manipulation. If receptor levels are to be used as a 
guide for therapy following treatment of the primary tumor, 
it is eritical that the tissue sample measured accurately re- 
flects the biological behavior of the tumor, particularly the 
behavior of metastatic disease. 

Early studies of primary and regional metastatic disease 
suggested that the ER status of nodal disease is similar to that 
of the primary tumor. ™? More recent reports comparing ER 
levels from simultaneously obtained primary tumors and met- 
astatic disease have demonstrated a discordance rate of 3% to 
35%.*" Although the variability of PR receptors has not been 
examined as thoroughly as ER receptors, Gross et al* re- 
ported a 23% discordance rate in simultaneous PR assays of 
primary tumors and metastatic disease. More importantly, 
they noted greater variability that approached statistical 
significance (P = .07) in patients with positive axillary lymph 
nodes when compared with node-negative patients who only 
had multiple assays of the primary tumor. 

This study focused exclusively on the differences in recep- 
tor content between the primary tumor and nodal metasta- 
ses. Since the tumor samples were obtained simultaneously 
during the initial management of the breast cancer, the ques- 
tion of the possible effect of interval treatment and, in particu- 
lar, hormonal therapy is not relevant. The paired receptor 
levels were highly correlated and the overall concordance 
between the primary- and nodal-receptor values was 82% for 
the ER and 84% for the PR. 

Despite this fact, six of the seven ER discrepancies and four 
of the six PR discrepancies demonstrated a loss of receptor 
content when comparing the nodal disease with the primary 
tumor. This finding conflicts with the results of the majority 
of studies cited above, which noted an equal tendency to shift 
from negative to positive values. More importantly, in exam- 
ining the potential impact of these differences on subsequent 
therapy, 25% of the patients in our study who would have 
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been offered hormonal treatment on the basis of results from 
the primary tumor had receptor-negative metastatic disease 
on the basis of nodal assays. 

There are two possible explanations for the differences 
noted in the simultaneous assays of breast and nodal tumor. 
The most simple of these is a methodological error in specimen 
analysis. The biochemical assay of receptors is an indirect 
measurement of receptor content that is dependent on ste- 
roid-binding activity. Difficulties with interlaboratory vari- 
ability in quantitative measurements and the effect of replac- 
ing endogenously bound hormones with radiolabeled steroid 
on receptor measurements have been previously docu- 
mented. * 

The size of the specimen sampled and the time between 
devascularization and freezing are also important factors in 
achieving valid results. “” If our results were caused by meth- 
odologic errors, however, the differences found between the 
primary and nodal samples should be more evenly distrib- 
uted. In 10 of the 13 discordant pairs, the receptor content 
changed from a positive primary tumor to a negative nodal 
result. The primary tumor was strongly positive in 6 of the 10 
cases. In contrast, there were only 3 cases of a negative 
primary tumor and positive nodal result, only 1 of whieh had a 
strongly positive receptor content. 

Another error associated with the limitations of the bio- 
chemical assay involved variations in cellularity between the 
specimens sampled." Assay results are reported as femto- 
moles per milligram of cytosol protein. Receptor levels from a 
tumor with a significant stromal component may not accu- 
rately reflect the receptor content of the tumor cells because 
of the contribution of the stromal element to the total cytosol 
pool. This may explain our finding that the receptor levels for 
ER and PR were significantly higher for the nodal specimens 
in comparison with the primary tumor in the cases where the 
paired receptors were both positive. 





High-powered magnification of the primary tumor (left) and ani 





nvolved lymph node (right) of a patient with infiltrating ductal 
carcinoma. Note the marked difference in cellularity. The estrogen receptor content of the primary tumor was 98 fmol/mg of 
cytosol protein vs 775 fmol/mg for the lymph node. 


Since lymph nodes replaced by metastatic tumor represent 
a more homogeneous collection of tumor cells, assays of nodal 
disease provide a more accurate assessment of the rezeptor 
content of the tumor by negating the interference of stromal 
and nonmalignant breast tissue that may be present in the 
specimen from the primary tumor (Figure). On this basis, the 
results of nodal assays can help clarify the hormonal status of 
the tumor in patients whose primary cancers have borcerline 
ER and PR values. 

The second explanation for the discordance rate of 20% in 
this study stems from the theory that breast cancers corsist of 
a heterogeneous collection of both receptor-rich and receptor- 
poor cells." Due to the problems discussed above, studies 
using the biochemical assay of receptor content have previded 
only indirect evidence supporting the presence of mor2 than 
one clonal population of cells within the same tumor. The 
development of monoclonal antibodies specific for the ER and 
PR, however, permits direct antigenic recognition of the 
receptor protein independent of steroid-binding activity. Im- 
munohistochemical assays using these antibodies have identi- 
fied a heterogeneous population of receptor-positive and re- 
ceptor-negative cells within a single tumor. *” While more 
time is needed to correlate the results of these assays with a 
clinical response to hormonal therapy, they provide strong 
support for tumor heterogeneity as an explanation for the 
differences in receptor content found in this study. 

On the basis of this prospective evaluation of 38 patients, 
we conclude that, by reflecting the hormonal status of the 
more aggressive elements of the primary cancer, evaluation 
of the receptor content of nodal metastases may provide more 
useful information than that of the primary tumor as a guide 
to further therapy. In particular, assays of nodal disease can 
be used to identify the 20% of patients who do not respond to 
hormonal therapy despite having primary tumors that are 
ER and PR positive. 
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Discussion 


JAMES E. GOODNIGHT, MD, Sacramento, Calif: The authors’ find- 
ings, if accurate and reproducible, have biological and clinical signifi- 
cance. Receptor-negative lymph node metastases probably repre- 
sent a more aggressive clone of cells that have spread beyond the 
primary tumor and portend a worse prognosis for the patient than if 
the metastatic elone had retained its hormonal receptivity. The dis- 
cordance or loss of hermone receptors in the metastasizing tumor 
cells may explain the failure of patients with a hormone receptor- 
positive primary breast cancer to respond to hormonal manipulation 
for recurrent disease. 

For these findings to have biologie significance, the assays must be 
technically valid, and several findings suggest that these findings are 
not due to the following technical problems: (1) The number of pa- 
tients showing discordance in this study is similar to other studies 
reporting discordance between the primary tumor and their metasta- 
ses and for hormone-receptor discordance between bilateral breast 
cancers. (2) Discordance in this study is heavily weighted toward the 
primary tumor receptor-positive/lymph node metastasis receptor- 
negative group. If these results were due to technical factors, there 
should be a more evendistribution or discordance. (3) Demonstrating 
hormone receptors in grossly positive nodes is somewhat technically 
easier since the tissue is relatively stroma free so that receptors are 
less diluted in the cytosol specimen. (4) Using 10 fmol/mg as a positive 
cutoff should accentuate eoneordance in the study, since this excludes 
some borderline values. It will be interesting to seek the biologic 
significance of these data by following up this group of patients for 2 to 
5 years. Survival curves may show a difference between the concor- 
dant receptor-positive group and the discordant group. 

Overall prognosis for survival from breast cancer is dominated by 
the status of the axillary nodes, a dominant and independent variable. 
However, there are other variables, including the size of the primary 
tumor, the number of positive lymph nodes, and possibly age, meno- 
pausal status, and DNA content of the tumor. It would be interesting 
to study Dr Butler’s group with a multivariate analysis for correlation 
of hormone-receptor discordance with other prognostic variables. 

The 25% discordant hormone-receptor group may represent those 
patients who do not respond to hormonal treatment despite a hormon- 
ally receptor-positive primary tumor. However, it is well to remem- 
ber that, at best, this finding does not fully define the heterogeneity of 
the population of cells in a primary breast cancer, the growth charac- 
teristics of the individual clones, or the ability of the cells to evolve 
and find survival meehanisms by changing their metabolism in the 
face of therapy. Determination of hormone receptor status is a mea- 
surement of only one characteristic of these cells. 

Nevertheless, measurement of hormone receptors in a breast can- 
cer is an important means of determining prognosis and determining 
therapy. Just as the measurement of PR has refined the information 
gained from measuring ER, a determination of hormone-receptor 
content of lymph node metastases may define the information gained 
from testing the primary tumor. This information may be significant 
for both patient management and protocol design. 

Why did you choose a 10-fmol/mg level as the cutoff for hormone 
receptor positivity? Did you configure your data to show the number 
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of patients who were both ER positive and PR positive in their 
primary tumor and ER negative and PR negative in their node 
metastases? 

Do you have other prognostic information on this group of patients, 
and is there any correlation with hormone-receptor discordance? If 
presented with a patient with only multiple bone metastases whose 
primary tumor was receptor positive/node metastasis receptor nega- 
tive, would you treat her with hormonal manipulation or proceed to 
chemotherapy? 

R. MARK VETTO, MD, Portland, Ore: We have been interested in 
clonal heterogeneity of all tumors, not just breast tumors. The breast 
tumor model is a very good one because we have some established 
notions about how it ought to be managed depending on the age of the 
patient, the menopausal status, and whether the tumor is hormone 
receptor positive. Has this made any difference in how you would 
manage patients when there is discordance in terms of hormone- 
receptor status? If one had a postmenopausal patient with a hormone 
receptor—positive tumor and one single receptor-negative node low 
in the axilla, what would you do? 

HOWARD SILBERMAN, MD, Los Angeles, Calif: The discordance 
rate of approximately 20% reported here and the fact that hormonal 
manipulation fails in about 20% of receptor-positive patients logically 
leads to the hypothesis that therapeutic failure is due to metastatic 
disease that is no longer receptor positive. However, this hypothesis 
requires proof since other explanations are plausible. 

The hormonal responsiveness of distant metastases, not the al- 
ready surgically treated locoregional disease, is really the important 
determination. Therefore, the critical question is this: Can there be 
discordance between nodal disease and subsequent distant 
metastases? 

Another important question is whether the discordance observed 
may oceasionally be a sampling problem rather than representing 
dedifferentiation. Can different samples of the primary tumor or 
adjacens nodes be discordant? Some light can be shed on the clinical 
implications of these issues if the authors could tell us the clinical 
outcome of the 38 patients studied in respect to concordance and 
discordance and responsiveness to hormonal therapy. 

Finally, have you had the opportunity to correlate the receptor 
status ef subsequent distant metastases with that of the primary 
tumor and nodal tissue? 

WILLIAM S. FLETCHER, MD, Portland, Ore: We looked at this 
problem a number of years ago, not in nodal metastases specifically, 
but with simultaneous and sequential metastases in 59 patients. We 
found that in the simultaneous metastases the correlation between 
the primary tumor and the metastasis was 86%, and in the sequential 
metastases the correlation was 83.5% if the patient had not been 
treated by any chemotherapy or hormonal therapy. There was a 33% 
discordance if the patient had undergone intervening therapy. If the 
patients had been treated with diethylstilbestrol therapy or tamoxi- 
fen therapy, we couldn’t measure the receptor because it was bound. 
At thattime this fact wasn’t entirely clear to us. 

It has been well established in a number of studies that the biopsy 
specimen is a much more reliable indicator of hormone sensitivity 
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than is the nodal metastasis. This presumably is because essentially 
all of the errors in doing the receptor analysis are on the negative side. 
There can be a sampling error as well as a time error. These receptors 
are extremely heat labile and that is the general explanation for the 
node metastases being less positive than the primary biopsy speci- 
men. It takes 1 or 1 1/2 hours to get the specimen off in many instances 
while the blood supply to the tumor is disconnected, and that is the 
explanation given for the sample from the specimen being less posi- 
tive than the initial biopsy specimen. 

In general, we have oversold the receptor, both ER and PR, as 
being an all or nothing affair. It is, in fact, a spectrum of activity 
essentially ranging from zero to infinity, and as has been pointed out, 
it is also mosaic in the tumor itself. 

Survival from any combination of multiple drug chemotherapies 
from the time of recurrence is on the order of 13 1⁄2 months to 14 
months, so if there is any indieation that it is a hormone-sensitive 
tumor, you should start with the appropriate hormonal manipulation 
and get as much mileage out of that as you can before going on to more 
intensive chemotherapy. 

In our experience, if patients progress following tamoxifen therapy 
or have a flare-up while receiving tamoxifen therapy, they will almost 
uniformly respond to total endocrine ablation/suppressian (ie, 00- 
phorectomy and adrenal suppression with amminoglutethimide or 
transnasal hypophysectomy). We cannot rely on the receptor value 
entirely. A clinical response to an endocrine manipulation is a much 
more reliable indicator of a functionally hormone-sensitive tumor. 

DR BUTLER: Dr Goodnight, most of the recent studies now use 
10 fmol/mg as a cutoff value due to the fact that tumors with a positive 
value between the level of 3 and 10 fmol/mg have receptors present, 
but probably not in sufficient quantity to be clinically significant in 
terms of predicting subsequent response. 

Does our discordance rate change if we combine ER and PR data? 
We found that 17 of the patients had both ER- and PR-positive 


primary tumors. Of those 17 patients, 3 (3 of the 6 patients who had 
truly discordant results) had both ER- and PR-negative nodal sam- 
ples. This comes out to 18% of the patients, which is in the range of our 


overall figures. Each of the other 3 patients with discordant results — 


had strongly positive levels of either ER or PR receptors, which most 
oncologists would conclude is evidence enough to initiate hormonal 
therapy. But again, the receptor content of the patients’ nodal sam- 
ples was negative for both ER and PR. 

How would we treat a bone metastasis in a patient with a discor- 
dant primary tumor and nodal results? I would treat the patient with 
radiation therapy. There is evidence now from larger greups, such as 
the National Surgical Adjuvant Breast and Bowel Project, which 
shows that bone and soft-tissue metastases have a much higher 
likelihood of being receptor positive, whereas visceral metastases are 
more likely to be ER and PR negative. I would be more likely to treat 
bone disease with hormonal therapy even in the presence of negative 
nodal values, provided the primary tumor was receptor positive. 

Drs Vetto and Silberman, we’re not yet able to answer the question 
of the clinical application of this material. We need to follow up these 
patients to see whose disease recurs and what the receptor status of 
the recurrent lesions is. Most of these patients have received adju- 
vant therapy, which may complicate the interpretation of those data. 

If there is heterogeneity in the primary tumor, it is also present in 
the lymph node. Can there be a discrepancy between the receptor 
status of the lymph node and that of subsequent metastases? We have 
just begun to look at this question in involved lymph nodes with 
monoclonal antibodies specific for ER and PR proteins. What we 
clearly need to do, however, is to evaluate metastatic biepsy samples 
to see if their receptor status agrees with the nodal samples or with 
the primary tumor samples in the cases where they are diseordant. 
We will then know whether our results are clinieally relevant, neces- 
sitating the sampling of nodal disease for ER and PR status. 


In Other AMA Journals 


JAMA 


Infections With Escherichia coli 0157:H7 in Washington State: The First Year of Statewide 


Disease Surveillance 


Stephen M. Ostroff, MD; John M. Kobayashi, MD, MPH; Jay H. Lewis 


In 1987, Washington became the first state to require that infection with Escherichia coli serotype 0157:H7 
be reported. In the first year of surveillance, 93 cases were reported, yielding an annual incidence of 2.1 
cases per 100000 population. The median age of case patients was 14 years (range, 11 months to 78 years), 
with the highest attack rate among children younger than 5 years (6.1 cases per 100000 population per year). 
Bloody diarrhea was present in 95% of reported cases, 12% of patients developed either hemolytic-uremic 
syndrome or thrombotic thrombocytopenic purpura, and one patient died. Suspected secondary cases were 
seen in 5% of households. Fifty-six (60%) cases occurred during June through September, as did 73% of the 
cases of hemolytic-uremic syndrome or thrombotic thrombocytopenic purpura. Cases reported during the 
summer months were more likely than cases reported at other times of the year to be in children younger 
than 10 years. Medications, including antimicrobial medications, did not influence the duration of symptoms, 
nor did they appear to alter the risk of developing hemolytic-uremic syndrome or thrombotic thrombocyto- 
penic purpura. This newly established surveillance system in Washington demonstrates that E coli 0157:H7 
is an important and common cause of bloody diarrhea in the United States (JAMA. 1989;262:355-359). 

Reprint requests to Centers for Disease Control, 1600 Clifton Rd NE, Bldg 1/5428, Mailstop C09, Atlanta, GA 30333 (Dr 


Ostroff). 
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Selective Management of Nonocclusive 


Arterial Injuries 


Steven C. Stain, MD; Albert E. Yellin, MD; Fred A. Weaver, MD; Michael J. Pentecest, MD 


è Between 1978 and 1988, 50 patients were demonstrated 
arteriographically to have 61 nonocclusive arterial injuries (44 
major arteries, 17 minor arteries). The 61 injuries consisted of 19 
intimal defects, 4 intima! flaps, 26 pseudoaneurysms, 2 arterial 
stenoses, and 10 arteriovenous fistulas. End-organ ischemia or 
ongoing hemorrhage were not present. All patients were treated 
nonoperatively. At 1 to 12 weeks after the injury, 30 arterial 
injuries (24 major, 6 minor) were studied by repeated arteriogra- 
phy. Resolution, improvement, or stabilization of the injury oc- 
curred in 21 (87%) major artery injuries. Progression occurred in 
the remaining 3 injuries, including 1 patient who underwent sub- 
sequent successful repair. Twenty-one injuries were followed up 
without repeated arteriography. Delayed arterial thrombosis, 
hemorrhage, or ischemia did not develop, and no patient re- 
quired operative management. Eight of 10 additional arterial 
injuries had successful percutaneous embolization at the time of 
repeated arteriography. The overwhelming majority of small arte- 
rial injuries or intimal fractures do not lead to vascular complica- 
tions if managed nonoperatively. A routine policy of operative 
exploration for all such injuries is therefore unwarranted. These 
injuries are best managed by observation and serial arteriogra- 
phy to document spontaneous healing or progression. 

(Arch Surg. 1989;124:1136-1141) 


outine operative repair of arterial injuries was initiated 
during the Korean Conflict and refined during the Viet- 
nam War.’” Civilian surgeons rapidly adopted.a similar thera- 
peutic approach.*’ Currently, all identifiable acute arterial 
injuries are managed operatively with the intent to control or 
prevent hemorrhage and to repair critical arteries to avoid 
distal or end-organ ischemia. Arterial injuries were primarily 
diagnosed surgically during the 1950s when patients were 
operated on because of hemorrhage or abnormal! pulse exami- 
nation results. The number of unrecognized and untreated 
injuries in patients with normal pulses was unknown, as was 
the natural history of such untreated injuries. 
Occasionally, patients subsequently developed delayed 
hemorrhage, arterial thrombosis, embolization, pseudoan- 
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eurysms, or arteriovenous fistulas (AVF's). With the advent 
of arteriography, particularly the high-resolution sequential 
filming technique, its use became routine in the management 
of all patients with a probability of injury from penetrating 
(proxim ty) or blunt (fracture-dislocation) trauma.’ With this 
approach, up to 16% of asymptomatic patients with penetrat- 
ing extremity trauma have been found to have arterial inju- 
ries by arteriography.’ Many of these injuries, although oc- 
curring in major or critical arteries, consist of intimal 
fractures, small pseudoaneurysms, mural stenoses, and small 
AVFs. Currently, standard surgical practice is to operate on 
patients and repair all such injuries, to avoid the undesirable 
effects previously mentioned. The lack of knowledge regard- 
ing the natural history and the medicolegal consequences of a 
complication secondary to a delay in treatment of such inju- 
ries supports the traditional concept of routine repair of all 
identified injuries. 

It is evident to the experienced vascular surgeon that many 
small arterial injuries heal spontaneously. As an example, 
percutaneous arteriography with dilatation of the arterial 
puncture site produces a low-velocity injury that results in a 
small pseudoaneurysm. These pseudoaneurysms invariably 
heal. Angioplasty procedures rupture plaques, intima, and 
often the media, and routinely stretch the adventitia. These 
lesions rapidly heal without distal embolization. Rarely do 
they occlude. Small AVFs in many organs have been ob- 
served to close spontaneously. Routine surgical exploration 
to repair all such minimal injuries is not without some risk and 
considerable cost. Occasionally, the exploration of asymptom- 
atic arterial injuries in relatively inaccessible sites has re- 
sulted in hemorrhage leading to arterial ligation and distal 
end-organ ischemia. 

With these concerns in mind, a few asymptomatic patients 
with small nonocclusive arterial injuries, caused by low-veloc- 
ity penetrating injuries in relatively inaccessible anatomic 
sites, were managed nonoperatively. No untoward sequelae 
occurrec. Gradually, this policy was liberalized to include a 
larger spectrum of nonocclusive arterial injuries. This report 
is a Summary of our experience with the nonoperative man- 
agement of such injuries. 


METHODS 


Artericgraphy was routinely employed in the diagnostic evaluation 
of patients with a potential for arterial injury. All patients in stable 
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condition with trauma and evidence of hemorrhage, hematoma, or 
abnormal pulse examination results underwent arteriography. Arte- 
riography was also employed in patients with penetrating trauma if 
the injury was in proximity to a major vessel or in patients with blunt 
trauma and a fracture or dislocation known to be frequently associ- 
ated with arterial injury. 

Patients without clinical evidence of ongoing hemorrhage or isch- 
emia and an arteriographically documented nonocclusive injury with 
minimal arterial-wall disruption were considered for nonoperative 
management. All patients were observed in the hospital for at least 72 
hours for signs of hemorrhage, distal embolization, or thrombosis. A 
repeated arteriogram was obtained between 1 and 3 weeks after 
injury to determine the status of the injury. The arterial injuries 
demonstrated by arteriography were classified as follows: 

1. Intimal defect: Eccentric irregularities of the contrast column 
adjacent to the arterial wall. 

2. Intimal flap: Nonflow limiting injuries with the roentgenographic 
appearance of a longitudinal band of diminished contrast concentra- 
tion extending into or across the lumen (Figs 1 and 2). 

3. Pseudoaneurysm: Focal, eccentric widening of the lumen extend- 
ing beyond the arterial wall (Fig 3). 

4. Arterial stenosis: Eccentric, segmental, longitudinal narrowing 
of the lumen. 

5. Arteriovenous fistula: Documented early venous filling adjacent 
to an arterial injury. 


Clinical Material 


Between 1978 and 1988, 50 patients with 61 nonocclusive arterial 
injuries were managed selectively at the Los Angeles County-Uni- 
versity of Southern California Medical Center. There were 41 male 
and 9 female patients. Patient ages ranged from 7 to 50 years, with a 
mean age of 24.5 years. Mechanisms of injury consisted of 25 shotgun 
pellet injuries, 20 gunshot. wounds, 11 cases of blunt trauma, 4 stab 
wounds, and 1 shrapnel injury. 

Hematoma‘or history of brisk hemorrhage was the most common 
reason for arteriography, as shown below: 


Reason for Arteriography No. of Patients 
Hematoma/history of hemorrhage 17 
Associated fracture 16 
Associated neurodeficit 16 
Proximity only 15 
Abnormal pulses 15 
Bruit 6 


All arteriograms were biplane and performed using standard high- 
resolution sequential film technique. The injured arteries were classi- 
fied as “major” or “minor.” Major arterial injuries were defined as 
those in which vascular interruption would likely cause clinically 
significantend-organ ischemia. The remaining injuries were in arter- 
ies which, if occluded, were unlikely to cause distal ischemia and were 
considered minor arteries. There were 44 injuries of major arteries, 
12 occurring in the cerebrovascular system, 11 in the upper extrem- 
ities, and 20 in the lower extremities. There were 17 injuries of minor 
arteries (Table 1). ~ 


Treatment 


All patients were initially managed nonoperatively. Percutaneous 
transcatheter embolization was subsequently employed at the time of 
repeated arteriography in the treatment of five pseudoaneurysms 
and five AVF's. Twenty-one arterial injuries were observed clinically 
without repeated arteriography, and 30 injuries were followed up by 
serial arteriography. Most repeated arteriograms were obtained 
within 2 weeks after the injury (mean, 1.9 weeks). Seventeen injuries 
had a third arteriogram at 2 to 16 weeks (mean, 6.9 weeks) after the 
injury. 

RESULTS 


Eight of the 10 delayed embolizations were successful. Two 
failures occurred in patients with AVF's. One patient under- 
went two failed attempts at embolization, and the second 
AVF also persisted after two operative ligations. Both pa- 
tients refused further therapy. All 10 patients were clinically 
asymptomatic and without evidence of distal ischemia or 
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embolization at follow up of 3 to 12 weeks (mean, 6.9 weeks) 
after the injury. 

Fifty-one arterial injuries were observed. Twenty-one ar- 
terial injuries (15 major, 6 minor) were followed up clinically 
without repeated arteriography. Repeated arteriography 
was not performed for a variety of medical and social reasons 
in seven patients with 9 arterial injuries who did not return 
for the scheduled repeated arteriogram. At 1 to 24 weeks 
(mean, 3.1 weeks), all patients had intact pulses and no clinical 
evidence of hemorrhage, thrombosis, or embolization. 

Thirty arterial injuries underwent serial arteriography. 
There was no major morbidity or mortality as a result of 
sequential arteriographic studies. All patients were clinically 
asymptomatic at 1 to 17 weeks (mean, 5.4 weeks) after injury. 

Six of the 30 arterial injuries studied by repeated arteriog- 
raphy were in minor arterial branches. Two of the 6 injuries 
resolved, 1 improved, 1 stabilized, and 2 progressed. A 2-mm 
tibial artery intimal defect increased to a 2-cm asymptomatic 
pseudoaneurysm and the patient refused further treatment. 
A 2-mm intimal defect of an ulnar artery became a 1-mm 
pseudoaneurysm. 

Serial arteriography was performed on 24 injuries in major 
arteries. The initial arteriographic findings are listed below, 
and the final results are summarized in Table 2. 

There were 10 intimal defects, including the following: 4 
internal carotid artery (ICA), 2 superficial femoral artery 
(SFA), 2 profunda femoral artery (PFA), and 2 popliteal 
artery (PA). The size of the defects ranged from 1 te 5 mm 
(mean, 2.4 mm). Seven intimal defects resolved or were mark- 
edly improved at the time of repeated arteriogram and2 were 
unchanged. One patient had a 2-mm PA intimal defect that 
progressed to an asymptomatic 4-mm pseudoaneurysm. This 
patient, with an associated tibial artery injury, was previous- 
ly described and refused further treatment. 

There were four intimal flaps (Figs 2 and 3), including three 
in the subclavian and one in the innominate artery. Three 
resolved and one stabilized. There were seven pseudoaneur- 
ysms, including one in the ICA, four in the SFA, one in the 
PFA, and one in the PA. The pseudoaneurysms ranged from 1 
to 5 mm (mean, 2.1 mm). Four of the seven pseudoaneurysms 
resolved or were markedly improved and the fifth stabilized 
(Fig 1). An asymptomatic 1-mm pseudoaneurysm of the SFA 
was 3 mm on repeated arteriogram. 

Only one patient with a major arterial injury required 
operative intervention. He sustained a gunshot wound to the 
distal ICA at the level of the second cervical vertebra. The 
initial arteriogram showed a 3-mm pseudoaneurysm. At the 
third arteriogram, performed during the third week after the 
injury, the pseudoaneurysm had increased to 8 mm. After 
elective repair of the ICA, the patient had an uneventful 
postoperative course. One patient with a 75% stenosis of the 
ICA demonstrated improvement on repeated arteriogram. 
The two small AVFs of the ICA and vertebral artery 
resolved. 


COMMENT 


The treatment of acute vascular injuries has remained 
essentially unchanged for 20 years.” Results of emergency 
surgery are excellent. Operative repair is successful in more 
than 90% of acute arterial injuries.” Operative failures occur 
primarily in patients with major associated musculoskeletal 
injuries or in difficult anatomic locations. The results of any 
change from these established surgical principles must be 
measured against known results of immediate operative in- 
tervention. Possible strategies for managing suspected acute 
arterial injuries in the absence of overt clinical evidence of an 
arterial injury include observation alone, observation plus 
diagnostic arteriography of suspected arterial injury, and 
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Fig 1.—Left, Intimal flaps of innominate (A) and subclavian (B) artery efter blunt chest trauma. Right, 1 month later, the 


lesions are healed and stable. 





Fig 2.— Innominate artery injury (A) is resolved, and subclavian injury 
(B) is stable. 


operative exploration of all injuries in proximity to major 
arteries. A policy of observation alone ignores the 5% to 16% 
incidence of proximity injury noted in all large civilian vascu- 
lar trauma series and the potential late sequelae of a missed 
vascular injury.“ 4" 

Arteriography accurately diagnoses the anatomic site and 
nature of almost all arterial injuries. However, a policy of 
routine exploration of all arteriographic abnormalities likely 
results in unnecessary surgery. There is a 7% false-positive 
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rate when arteriograms with supposed abnormal results are 
correlated with operative findings.” The 64% negative explo- 
ration rate reported for operation, based solely on proximity, 
is unacceptable to most surgeons.“ Additionally, arterial 
injury may still be missed at the time of such blind explor- 
ation. 13, 55,16 

Routine arteriography, with mandatory exploration of all 
arteriographic defects, reflects the concerns of surgeons who 
have assumed that minimal arterial injuries will inevitably 
progress, and that delayed operative repair will yield inferior 
results. However, these concerns may not be valid. Many 
minimalinjuries might heal and if these injuries can be identi- 
fied a policy of selective observation vs surgical exploration 
can be adopted. This would avoid the potential morbidity and 
cost of unnecessary operations. Is there evidence that healing 
can occur without a significant incidence of delayed hemor- 
rhage, tarombosis, or embolization? 

Arterʻes with true intimal injuries retain an intact adventi- 
tia. The adventitial sheath is critical in the healing process. 
Surgeors routinely observe intimal healing on repeated arte- 
riograply following percutaneous transluminal angioplasty 
or endarterectomy. Though the mechanism of intimal injury 
differs with arterial trauma, the healing process is probably 
similar. 

Zarins et al” observed morphological healing with reattach- 
ment of the intima after balloon dilatation of diseased vessels. 
The intimal defects that we observed were small (1 to 5 mm). 
Roentgenographie manifestations of an intimal defect may 
actually 5e caused by a transmural injury. We recognized that 
arteriographic contrast media only demonstrates the intralu- 
minal contour and that adventitial disruption might have been 
present. Progression of an intimal defect to a small pseudoan- 
eurysm was considered to represent progression of the in- 
jury. However, 9 of the 10 intimal defects and five of seven 
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Fig 3.—Left, Arrow indicates pseudoaneurysms of the popliteal artery following a shotgun pellet injury. Right, Arrow 


indicates site of improved pseudoaneurysm. 


No. of No. of 


Major Injuries Injuries Minor Injuries injuries 


biden pina 
Internal caretid Internal maxillary 


Vertebral Occipital 1 
Common carotid External carotid 1 


Total 12 Total 3 


Upper Extremity 
Subclavian 5 Ulnar 


Brachial Radial 
Axillary 


innominate 


Subscapular 


interosseus 1 
Total 11 Total 


Lower Extremity 
Superficial femoral artery 10 Tibioperoneal 





pseudoaneurysms (<5 mm) in major arteries that were stud- 
ied by repeated arteriography were safely managed nonoper- 
atively, and healed without complications. One pseudoaneur- 
ysm slowly enlarged and required surgery; however, no 
complications ensued. No injuries resulted in delayed hemor- 
rhage or thrombosis. Whether injuries larger than 5mm may 
safely be treated nonoperatively is unknown. We have no 
experience with observation of arterial injuries larger than 
this. They may obscure a more complex injury that could be 
more likely to cause complications. 
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Table 2.— Major Artery Injuries Evaluated With Seria 
Arteriography 


Resolved Improved Stable Progress Total 
Intimal defect 4 3 2 1 





Pseudo- 
tka inst 


Total, No. (%) 


10 (42) 7 (29) (17) (12) 


Intimal flaps occur when a shelf of intima is raised from the 
tunica media or by circumferential intimal fracture.” Many 
of these injuries are known to thrombose.™”’ This may be due 
to progressive flap elevation by the jetstream column of 
blood. The intimal flaps we elected to observe all had the free 
edge protruding downstream and none progressed to throm- 
bosis (Figs 2 and 3). In blunt renal artery trauma, Kaufman et 
al” suggested “the cohort of patients with arteries confirmed 
patent hours after blunt renovascular trauma is biologically 
selected to have a favorable prognosis.” Anecdotal reports of 
patients managed by observation are available, and several 
authors have suggested that small arterial injuries may 
heal.”” It is theoretically possible that heparin might be 
useful to prevent thrombosis or an antiplatelet agent, such as 
aspirin or dextran, might prevent platelet aggregation at the 
site of injury.” 

This small series does not support the contention that all or 
most untreated arterial injuries will progress and lead to 
sudden catastrophic complications. They may increase in size, 
but these changes are gradual and can be identifiec by serial 
arteriography. Further experience with duplex scanning may 
demonstrate it to be equivalent to arteriography in the long- 
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term follow-up of such patients. Surgery can selectively be 
employed for patients with enlarging injuries. We did not 
observe any sudden or acute catastrophic event in the pa- 
tients who were observed and followed up by serial arteriog- 
raphy. Twenty-one (88%) of 24 injuries healed or were stable 
and asymptomatic. Only 1 lesion required surgical correction. 

Twenty-one patients (15 major, 6 minor injuries) did not 
undergo repeated arteriography. Eighteen of the 21 injuries 
were small pseudoaneurysms or intimal defects. We believe 
that they are similar to the lew-velocity injuries that occur at 
arteriographic catheterization sites. Almest all heal without 
complications. Ideally, in all patients in whom selective obser- 
vation is employed, repeated arteriography should be part of 
the routine follow-up to document the subsequent status of 
the injury. It is unlikely that these 20 patients had any major 
complications, however, based on the knowledge derived 
from the patients who underwent serial arteriography. All 
had at least one clinical follow-up visit and were found to be 
asymptomatic. Additionally, the socioeconomic status of this 
patient population is such that they will return to this medical 
center for their subsequent medical care. None of these pa- 
tients have returned with a complication related to their 
vascular injury. If we assumed that these 20 injuries healed or 
stabilized, then 41 of 44 major artery injuries did not pro- 
gress, and 43 of 44 were successfully treated nonoperatively. 

Other nonoperative modalities can be effectively used to 
treat selected arterial injuries. Percutaneous transluminal 
embolization is accepted as the preferred method of treating 
small AVF's or pseudoaneurysms in noncritical vessels. Our 
indication for percutaneous embolization of injuries to non- 
critical arteries includes overt hemorrhage and potential 
hemorrhage from pseudoaneurysms or AVFs. Ideally, this 
should be accomplished at the time of the initial arteriogram. 
During this 10-year review at our institution, approximately 
400 arterial injuries were treated by embolization at the time 
of initial arteriography. Delayed embolization should be em- 
ployed when resourees are not initially available or if the 
appropriate lesion is identified by serial arteriography. Re- 
peated arteriography and delayed embolizations of persistent 
AVF's or pseudoaneurysms were employed in three major 
arteries (ICA, superior mesenteric artery, vertebral artery). 
Embolization of major arteries has the risk of end-organ 
ischemia. These vessels were treated by embolization only 
when the arteriogram studies showed adequate collateral 
circulation. 

During this 10-year period of review, over 1000 patients 
with arterial trauma were operated on. Surgery and opera- 
tive correction of arterial injuries continue to be the standard 
of care for most arterial trauma. However, based on this 
clinical experience, we believe that there are several appro- 
priate therapeutic options available for management of non- 
occlusive arterial injuries. These include immediate operative 
repair of the injured arteries or observation of selected mini- 
mal injuries. It is evident that observation of appropriately 
selected injuries is safe, and acute irreversible complications 
are unlikely to occur. Our criteria for nonoperative therapy 
included the following: (1) low-velocity injury; (2) minimal 
arterial-wall disruption—less than 5 mm for intimal defects 
and pseudoaneurysms, adherent or downstream protrusion 
of intimal flaps; (3) intact distal circulation; and (4) no active 
hemorrhage. 

Evidence of vessel healing should be obtained. Serial arte- 
riography will document the subsequent status of the injury 
and possible need for later intervention. 
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Discussion 


KAJ JOHANSEN, MD, Seattle, Wash: It is quite clear that operation 
is the proper management for what we term the “hard” signs of 
arteria injury: a severe hemorrhage, rapidly expanding hematoma, 
or marked ischemia. Arteriography in such a setting is indicated only 
to localize the site or the level of arterial injury. 

However, the vast majority of patients confronting the trauma 
surgeon do not have such “hard” signs, but rather have “soft” indica- 
tions o* arterial injury: a pulse deficit, some neurologic findings, or 
perhaps no signs of arterial injury at all, when there is concern for an 
occult vascular injury because of proximity of a fracture or a gunshot 
wound. In such patients, contrast arteriography has been the gold 
standard to diagnose an occult arterial injury and the practice has 
been tc operatively manage lesions that are found. 
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Dr Stain and his colleagues have demonstrated that, in the main, 
these injuries are benign. This confirms our own experience at Har- 
borview Medical Center, Seattle, Wash, where we observe intimal 
flaps of less than 50% diameter occlusion following trauma and do not 
operate on them. Exactly what do the authors mean by “small”? It is a 
little hard to determine from the criteria proposed by the authors 
precisely which lesions to watch and which to operate on. Would you 
summarize your experience with duplex scanning for following up 
patients with arterial injuries. 

Have your findings caused you to change your indications for 
arteriography in the traumatized patient? In the last calendar year at 
Harborview Medical Center, over $100 000 was charged to various 
payers for the performance of contrast arteriography for proximity or 
for “soft” signs of vascular compromise. I wonder if we can find a way 
to reduce that extraordinary and, in general, unnecessary expense of 
these patients illnesses. 

MAX R. GASPAR, MD, Long Beach, Calif: I have observed many of 
the patients presented here today and have participated in the 
evolution of thinking that has culminated in this report. It began with 
our seeing the arterial damage caused by catheters used by radiolo- 
gists and cardiologists and, in particular, the rather horrible4tooking 
injuries to the intima that result from percutaneous transluminal 
angioplasty and noting that those injuries healed quite well. 

To keep the pendulum from swinging too far toward the side of 
nonintervention, I would like to offer some caveats. When an angio- 
gram shows decreased density of the contrast medium beyond an 
intimal flap, surgery is indicated even in the presence of a gocd distal 
pulse. A common carotid artery has a small false aneurysm caused by 
a bullet. Should it be operated on or observed? How small is small and 
how big is big? What should you de about a flap in a renal artery when 
there might be danger of future hypertension or even loss of the 
kidney? 

Roy L. TAWES, JR, MD, San Mateo, Calif: Last year, I encouraged 
Dr Yellin to present this subset of patients. We should keep in 
perspective that this is a very select group. Fortunately, the follow- 
up and results were excellent. I have one caveat in regard to popliteal 
artery injury. Last year, Drs Etheredge and Stallone and I” reported 
five inadvertent popliteal artery injuries occurring during medial 
meniscectomy. Two patients underwent exploration immediately, 
despite normal arteriogram results. These two patients had no com- 
plications. Three patients did not undergo early exploration. One 
underwent an amputation, one had a permanent foot drop, and the 
third had a massive hemorrhage. I think it is important that we 
recognize that the location as well as the mechanism of injury in these 
cases may dietate a more aggressive operative approach. 

F. WILLIAM BLAISDELL, MD, Sacramento, Calif: I would operate 
on most of the lesions that the authors presented. A problem with this 
group of patients is that they do not return for follow-up, and the most 
remarkable aspect of this report is that they obtained follow-up on 
60% of their patients. 

I have no problem with the small intimal tear, particularly in a 
noncritical vessel. But again, as some of our discussants have said, 
one has to use good judgment. A small intimal tear in a carotid artery 
is a great deal more significant than a small intimal tear in a SFA 
artery. The consequences of distal embolism, which is one of the 
complications of intimal tear, are minimal in the leg or in the arm, but 
are quite significant in the head. 

I have a great deal of difficulty with a conservative management of 
AVF. Certainly, some of these will close. AVF's that can be treated 
by catheter embolization are primarily those involving small arteries, 
such as the peroneal, posterior tibial, and anterior tibial. Regarding 
major vesse! injuries, a small AVF can progressively enlarge and 
present 20 or 30 years later as a catastrophic problem. 
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Comparing false aneurysms with angiographic false aneurysms is 
not appropriate. A stab wound with a needle is not particularly 
virulent, but a stab wound with a knife or disruption by gunshot 
wound may well be very significant. It is sometimes hard to deter- 
mine on the angiogram, which often just shows one plane, the signifi- 
cance of that “small pseudoaneurysm.” 

Certainly there are tiny 1- or 2-mm defects that we might be 
inclined to observe, but any false aneurysm can progress over the 
course of months or years. Unless the lesion disappears altogether, 
we cannot consider follow-up to be adequate. It is difficult to follow up 
these patients once they leave the hospital and, therefore, I would 
urge a more radical approach to many of the lesions that were 
presented. 

DR YELLIN: The discussants raise appropriate eoncerns regarding 
indications for selective, nonoperative management of vascular inju- 
ries, and they note the potential for delayed undesirable effects. Our 
recommendations, if misunderstood or misapplied, could result in 
vascular complications. 

If minimal injuries do heal without complications, then it should not 
matter whether the injury is in a carotid, renal popliteal, ar less 
critical artery, provided the indications for selecting nonoperative 
therapy are appropriate and there is sufficient follow-up. Kaufman et 
al” has successfully observed blunt trauma renal artery intimal inju- 
ries. Frykberg et al” reported 14 injuries in major arteries treated 
nonoperatively. We acknowledge that the mechanism of injury is an 
important selection criterion and would not advise observation for a 
high-velocity—induced injury, such as from rifles or assault weapons. 
Lesions appropriate for observation are low-velocity injuries (stab, 
shotgun, and some handgun wounds), with an intimal defect or pseu- 
doaneurysm of 5 mm or less. Intimal flaps must be adherent or 
downstream, and blood flow must be normal. A differential in dye 
concentration distal to the lesion is proof of diminished flaw and 
warrants immediate surgery. 

Careful follow-up is essential. We advocate repeated arteriogra- 
phy, preferably biplane, to get a true picture of the extent of the 
injury. We are now using the duplex scan to correlate the findings 
with both the original and subsequent angiogram. We anticipate that 
this will prove to be an accurate, noninvasive, cost-effective way to 
provide long-term follow-up without repetitive arteriography. Du- 
plex scanning can also be useful in the initial diagnosis and might 
assist in developing a policy of more selective initial use of arteriogra- 
phy. Follow-up should continue until the injury heals or the patient's 
condition is totally stable. Surgery should not be advocated primarily 
for concern about the patient’s lack of compliance regarding follow- 
up. All of our patients returned to the clinic. Our experience dupli- 
cates Feliciano’s at Ben Taub Hospital, Baylor University, Houston, 
Tex, who found that missed injuries usually are manifest within 3 
weeks and patients do return to their hospital of origin. 

We certainly agree that an AVF can enlarge and should not be 
observed indefinitely. In minor arteries, AVF should be embolized 
and those in major arteries operated on. Occasionally, embolization is 
not feasible at the initial arteriography, and repeated arteriography 
will often demonstrate resolution. If, however, the AVF persists, it 
should be treated definitively. Many other vascular surgeons have 
successfully treated minimal injuries nonoperatively. This large se- 
ries is intended to bring the topic “out of the closet” and diffuse some 
of the medicolegal concerns of surgeons. Importantly, these patients 
are not likely to have a sudden complication resulting from their 
observed injury. 

Few therapeutic modalities are absolute, and none is perfect. 
Nonoperative management is a reasonable option only in carefully 
selected patients. Ongoing longitudinal studies will further clarify 
the natural history of these injuries. 
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Analysis of Risk Factors for Myocardial 


Infarction Following Carotid Endarterectomy 


Richard A. Yeager, MD; Gregory L. Moneta, MD; Donald B. McConnell, MD; 


Edward A. Neuwelt, MD; Lloyd M. Taylor, Jr, MD; John M. Porter, MD 


è A 4-year experience with 249 consecutive carotid endarter- 
ectomies performed on 224 patients is reviewed for incidence of 
perioperative (30-day) myocardial infarction and early survival 
(mean follow-up, 21 months). Exceptin cases of unstable angina, 
coronary arterial disease was evaluated only by routine history, 
physical examination, and electrocardiogram. By these criteria, 
73% of patients had evidence of coronary arterial disease. Pa- 
tients underwent carotid endarterectomy after appropriate medi- 
cal management and stabilization of coronary disease symp- 
toms (angina and/or congestive heart failure). One (0.4%) fatal 
and nine (3.6%) nonfatal perioperative myocardial infarctions 
occurred. Diabetes mellitus was the only factor associated with a 
significantly increased risk of perioperative myocardial infarc- 
tion. Early survival of patients with active symptoms of coronary 
disease who did not undergo coronary bypass was similar to 
those patients with preceding or subsequent coronary bypass. 
The results of this review suggest routine clinica! evaluation for 
coronary arterial disease is sufficient in the large majority of 
cases prior to carotid endarterectomy. Considering the reported 
high mortality of coronary bypass among vascular surgical pa- 
tients, it appears that an aggressive program screening for cardi- 
ac surgical candidates either by coronary arteriography or radio- 
nuclide studies prior to carotid endarterectomy is not warranted. 

(Arch Surg. 1989;124:1142-1145) 


dana with carotid atherosclerosis clearly have an in- 
creased incidence of fatal and nonfatal myocardial infarc- 
tion.’ In addition, myocardial infarction is the most common 
cause of perioperative death following carotid endarterecto- 
my.’ A number of authors have, therefore, advocated aggres- 
sive invasive or noninvasive evaluation of coronary arterial 
disease and/or cardiae function prior to carotid endarterecto- 
my.** We, however, feel carotid endarterectomy can be safely 
performed with judicious medical and anesthetic manage- 
ment, even in patients with symptomatic coronary disease. 
Our cardiac workup prior to carotid surgery, therefore, is 


limited to a careful history and physical examination as well as 
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review of the preoperative electrocardiogram. Further work- 
up is performed only in those patients exhibiting unstable 
angina (new-onset angina at rest or worsening anginal pat- 
tern). The purpose of this article is to review the results of this 
approach with respect to perioperative myocardial infarction 
and short-term survival in our patients undergoing carotid 
endarterectomy. 


PATIENTS AND METHODS 


From January 1985 through December 1988, 249 consecutive ca- 
rotid endarterectomies were performed as isolated procedures in 224 
patients (190 male, 34 female; mean age, 64 years) at the Oregon 
Health Sciences University, Portland, and the Portland Veterans 
Administration Medical Center. All procedures were performed with 
the patient under general anesthesia. Twelve additional procedures 
were performed in conjunction with either coronary arterial bypass 
grafting (n=7) or other vascular procedures (n=5) and were ex- 
cluded from further analysis. 

Records were reviewed for clinical factors felt to potentially influ- 
ence the incidence of perioperative myoeardial infarction. Risk fac- 
tors analyzed included age, presence of diabetes mellitus requiring 
insulin or oral medications to maintain euglycemia, hypertension as 
defined by the need to utilize antihypertensive medications to main- 
tain a systolic blood pressure lower than 165 mm Hg or a diastolic 
blood pressure lower than 95 mm Hg, angina pectoris, congestive 
heart failure, previous coronary arterial bypass surgery, or a con- 
vincing history of myocardial infarction. Preoperative electrocardio- 
grams were also examined for changes consistent with ongoing isch- 
emia, previous myocardial infarction, arrhythmias, or conduction 
abnormalities. 

Patients were divided into three groups based on their clinical 
cardiae status at the time of carotid endarterectomy. Group A pa- 
tients (n = 60, 27%) had no clinical or electrocardiographic evidence of 
coronary arterial disease. Group B patients (n=61, 27%) were 
asymptomatic but exhibited electrocardiographic or historical evi- 
dence (history of previous myocardial infarction, or coronary arterial 
bypass) of coronary arterial disease. Group C patients (n = 103, 46%) 
had clinically active coronary arterial disease (stable angina pectoris, 
or congestive heart failure requiring treatment). An additional sub- 
group (group D) consisting of patients with coronary arterial bypass 
either prior to (n=38) or after (n= 10) carotid endarterectomy was 
extracted from the original three operative groups to assess the 
influence of myocardial revascularization on short-term survival. 

All patients were assessed for the presence of perioperative (30- 
day) myocardial infarction. Each diagnosed myocardial infarction 
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Table 1.—Simple Associations of Patient Characteristics With 
30-Day Outcome* 


Variable n % of Sample % at Risk p 
Age >70 y 55 24.6 7.3 NS 







Diabetes 46 20.5 10.9 .025 + 
CABG 38 17.0 0.0 NS 






CHF 41 18.3 4.9 NS 
History of MI 91 40.6 3.3 NS 


Abnormal ECG 124 55.4 4.8 NS 
.0 e 


All patients 224 aa 4 


*% of sample indicates percent of sample with trait; % at risk, percent with 
trait having 30-day outcome of myocardial infarction (Ml); P value, from x? 
analysis comparing patients with vs patients without trait in proportion of group 
having MI within 30 days; diabetes, diabetes mellitus; NS, not significant; plus 
sign, increased risk with trait; HTN, hypertension; CABG, previous coronary 
arterial bypass grafting; angina, angina pectoris; CHF, congestive heart failure; 
and ECG, electrocardiogram. 






was confirmed at autopsy or by changes in the postoperative electro- 
cardiogram as well as elevation of the cardiac-specific creatine phos- 
phokinase iseenzyme level. While electrocardiograms were obtained 
routinely on the first postoperative day, additional electrocardio- 
grams and iseenzyme levels were done when believed clinically indi- 
cated. Screening for asymptomatic myocardial infarction was not 
routinely performed. Follow-up survival data were obtained from the 
patient’s medical record, by telephone contact, and by review of 
death certifieates and available autopsy reports. Cardiac death was 
defined as death due to myocardial infarction, arrhythmia, or cardiac 
failure. 

x Analysis with Yates’ correction was used to test the association 
of each individual risk factor with perioperative myocardial infarction 
(fatal or nonfatal). All factors were expected to increase the risk of 
myocardial infarction, except coronary arterial bypass, which was 
expected to decrease risk. An examination of the independent effect 
of each risk factor on survival time was conducted by tabulating life 
tables’ and analyzing for statistical significance using the method 
described by Lee and Desu.’ y* Analysis and the Lee-Desu statistic 
were also used to compare the perioperative myocardial infarction 
rate and overall survival of the four clinical groups (A, B, C, and D). 


RESULTS 


Overall aperative (30-day) mortality was 1.2% (3 deaths in 
249 carotid endarterectomies). There were 8 (3.2%) strokes 
for a combined operative stroke and death rate of 4.0% (1 
patient whe experienced a stroke died). One fatal (0.4%) and 9 
nonfatal (3.5%) myocardial infarctions were confirmed within 
the 30-day perioperative period. The percentage of patients 
with the indicated clinical risk factors and perioperative myo- 
cardial infarction is shown in Table 1. Diabetes was the only 
variable associated with a significantly increased risk of per- 
ioperative myocardial infarction (P<.05). 

The number of perioperative myocardial infarctions in each 
of the three operative groups (A, B, and C) is shown in Table 
2. Although group C (patients with active symptoms of coro- 
nary arterial disease) had a higher percentage of myocardial 
infarction, this difference did not differ significantly from that 
of groups A or B (P>.05). 

There were 30 deaths (18 cardiac, 12 noncardiac) during the 
period of follow-up (mean, 21 months). Sixteen patients (7%) 
were unavailable for follow-up. Abnormal results of the pre- 
operative electrocardiogram as well as congestive heart fail- 
ure were associated with a significant reduction in survival 
(P<.05). Table 3 shows the number of deaths during follow- 
up among the four clinical groups. Survival curves of the four 
groups (Figure) demonstrate that group C patients (active 
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Table 2.—Perioperative Myocardial Infarction (MI) and 
Survival of Clinical Groups* 


No. of Cumulative 
Group (n) CEAs No. (%) of Mis Survival, % 


A (60) 68 1 (1.5) 35 
B (61) 67 260 75 
C (103) 114 7 (1 fatal) (6.1) 76 


Total (224) 249 10 (1 fatal) (4.0) (0.4% fatal) 78 






*No significant differences between the groups (P>.05) was noted by x? 
analysis and the Lee-Desu statistic. CEAs indicates carotid endarterectomies; 
cumulative survival, cumulative survival of operative survivors after 3 years. 
Group A, patients showed no clinical evidence for coronary arterial disease; 
group B, clinical evidence of coronary arterial disease but not active at time of 
CEA; and group C, clinical evidence of active coronary arterial disease at time 


of CEA. 


Table 3.—Death During Follow-up* 


No. (%) of No. of 
Group (n) Deaths Cardiac/Noncardiac Deaths 


Total (221) 30 (13.6) 18/12 


*The mean follow-up was 21 months. Thirty-day mortality rates were 
excluded. Group A patients showed no clinical evidence for coronary arterial 
disease; group B, showed clinical evidence of coronary arterial disease but not 
active at time of carotid endarterectomy and no preceding or subsequent 
coronary arterial bypass grafting; group C, showed clinical evidence of active 
coronary arterial disease at time of carotid endarterectomy but mo preceding 
or subsequent coronary arterial bypass grafting; and group D, had preceding 
or subsequent coronary arterial bypass grafting. 









coronary disease but no coronary bypass) did not have a 
significantly decreased early survival compared with the oth- 
er three groups (P>.05). 


COMMENT 


Coronary arteriographic studies demonstrate that 65% of 
patients undergoing carotid endarterectomy have anatomi- 
cally advanced or severe coronary arterial disease." Intensive 
cardiac evaluation and liberal utilization of coronary bypass in 
patients selected to undergo carotid endarterectomy has, 
therefore, been advocated by some authors in the hope of 
either lowering operative mortality or extending postopera- 
tive survival.** The incidence of fatal perioperative myocardi- 
al infarction following carotid endarterectomy, however, is 
less than 1% in our experience as well as that of others.” In 
addition, the argument that coronary bypass may prolong 
overall survival of vascular surgical patients remains un- 
proved. Potential benefit may be negated by the faet vascular 
surgical patients appear to have a relatively high mortality 
(5% to 6%) with coronary arterial bypass surgery.” The 
reasons for this are unclear but may relate to age of the 
patients as well as the presence of diffuse vascular disease and 
its associated risk factors such as diabetes and hypertension. 
Indeed, in our series there was 1 perioperative death among 
the 10 patients who underwent subsequent coronary bypass 
following carotid surgery. Furthermore, in our study, early 
survival of group C patients (active symptoms with no coro- 
nary bypass) was similar to group D patients (previous or 
subsequent coronary bypass). Admittedly, the patients in 
group D may have had worse coronary arterial disease that, 
left untreated, would have resulted in a higher death rate in 
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Survival curves of four clinical groups. Group A, patients showed no 
clinical evidence of coronary arterial disease; group B, patients 
showed clinical evidence of coronary arterial disease that was not 
active at time of carotid endarterectomy and had no preceding or 
subsequent coronary arterial bypass grafting; group C, patients 
showed clinical evidence of active coronary arterial disease at time of 
carotid endarterectomy but had no preceding or subsequent coronary 
arterial bypass grafting; and group D, patients had preceding or subse- 
quent coronary arterial bypass grafting. No significant differences 
(P>.05) between the groups by paired comparison using the Lee- 
Desu statistic were found. 


this group. It is interesting, however, that patients in group 
C, despite active symptoms of coronary disease, had only a 
0.9% incidence of fatal perioperative myocardial infarction. 
Given the mortality of coronary bypass surgery, it seems 
unlikely that cardiac surgery would have improved the over- 
all perioperative death rate in these patients. 

We believe that in patients with symptomatic coronary 
disease requiring carotid endarterectomy the major preoper- 
ative focus should be on medically managing the patient's 
angina and congestive heart failure, rather than on screening 
for another major eperation (ie, cardiac surgery). During the 
period of this review, enly four patients considered for carotid 
surgery presented with unstable angina and underwent coro- 
nary arteriography followed by coronary bypass surgery. We 
do feel, however, in the rare case where severity of angina is 
in question, objective cardiac assessment can help guide man- 
agement decisions. Our preferred approach in such cases is an 
exercise stress test.” In most patients undergoing carotid 
surgery, however, the clinical cardiac assessment appears to 
be sufficient. 

Preoperative cardiac risk assessment should be stratified 
according to the magnitude of the planned operation. Carotid 
endarterectomy, altheugh often technically demanding, does 
not generally require prolonged operative time or result in 


major intraoperative and perioperative fluid shifts. In 1979, 
Ennix and coauthors’ emphasized the high mortality (18%) of 
carotid endarterectomy performed in patients with symptom- 
atic coronary arterial disease. The anesthetic and medical 
management of such patients, however, continues to undergo 
refinement. Improved monitoring, as well as use of B- 
blockers, inotropic agents, and coronary vasodilators, in pa- 
tients at higher risk for myocardial infarction has clearly 
lowered perioperative mortality." With optimal preoper- 
ative eardiac and anesthetic treatment, carotid surgery can 
now be well tolerated even by the patient with symptomatic 
coronary disease. 

Some patients in our series did, however, undergo more 
extensive cardiac evaluation on other services prior to carotid 
surgery. Seven patients with stable angina had a positive 
stress-thallium scan with two or more reversible defects. 
Three of these seven patients, plus two additional patients 
with angina, underwent coronary arteriography that demon- 
strated severe three-vessel disease in every case. All nine 
patients, however, underwent carotid endarterectomy with- 
out myocardial infarction and without preceding or simulta- 
neous coronary bypass surgery. 

Diabetes was the sole factor in our series associated with an 
increased risk of perioperative (30-day) myocardial infarction 
(P<.05). Five (11%) of our 46 diabetic patients suffered a 
perioperative myocardial infarction. At the Cleveland (Ohio) 
Clinic, 170 diabetic patients with vascular surgical disease 
were studied with preoperative coronary arteriography.” 
One hundred sixteen (68%) were found to have angiographi- 
cally advanced or severe (>70% stenosis of one or more 
arteries) coronary arterial disease compared with 482 (58%) 
of 830 nondiabetic patients (P<.05). Twenty-one (12%) dia- 
betic patients were found to have surgically inoperable, se- 
vere coronary disease. Operative cardiac death after periph- 
eral vascular reconstruction at the Cleveland Clinic was 
signifieantly (P<.05) higher in the diabetic patients (8/131; 
6.1%) compared with the nondiabetic patients (16/715; 
2.2%).° It appears that the vascular surgical patient with 
diabetes is more likely to have severe coronary arterial dis- 
ease and is at significantly higher risk than the nondiabetic 
patient for perioperative cardiac complications. In addition, 
diabetics with vascular surgical disease have up to a 12% 
perioperative mortality with coronary bypass.” It thus re- 
mains debatable whether the diabetic will benefit from addi- 
tional cardiac evaluation prior to carotid endarterectomy. We 
presently are not selecting diabetic patients for special cardi- 
ac evaluation prior to carotid endarterectomy. 

We feel, given the reported complication rates for coronary 
bypass grafting in vascular surgical patients, that our inci- 
dence ef 4% (0.4% fatal) perioperative myocardial infarction 
in carctid surgical patients is acceptable and justifies our 
clinical approach with preoperative cardiac risk assessment. 
Improvement in our perioperative myocardial infarction rate 
associated with carotid endarterectomy is currently more 
likely to result from further refinements in medical and anes- 
thetic management than from extensive screening for coro- 
nary bypass surgical candidates. 


We acknowledge William R. Coshow, MS, of the Research Computing 
Center, Oregon Health Sciences University, for his services as statistical 
consultart, as well as Marilyn Seigal for her assistance in preparing the 
manuscrit. 
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Discussion 


EDMUND J. HARRIS, MD, San Mateo, Calif: The authors have 
presented excellent results by any standard, representing good clini- 
cal judgment and operative expertise. 

In our patients with a positive history or abnormal electrocardio- 
gram results, we order a treadmill test or echocardiogram and fre- 
quently a radionuclide study. At the most, these studies have led toa 
coronary angiogram and subsequent coronary artery bypass graft in 
only 26 patients over the past 11 years, all of whom had a sequential 
carotid endarterectomy and coronary artery bypass graft under the 
same anesthesia. There was one vertebrobasilar stroke and one 
cardiac death perioperatively in this subset. At the least, the studies 
identified those with poor ejection fractions, abnormal wall motions, 
or poor ventricular function that might require closer postoperative 
monitoring than was routine in the present study. In our experience, 
postoperative arrhythmias represent a greater threat in a patient 
with previous infarcts than congestive heart failure and usually oc- 
curred in this higher-risk category. The Multicenter Postinfarction 
Research Group, in their 2-year study (1979 to 1980) of risk stratifica- 
tion and survival after myocardial infarction, identified four risk 
factors as independent predictors of mortality. One of these predic- 
tors was ventricular ectopia of 10 or more depolarizations per hour. 
Their investigation substantiated the independent contribution that 
each of these variables made and that a graduation of risk exists over 
the range of these variables, eg, a higher percentage of 1-year mortal- 
ity is predictable with increasing frequency of depolarizations. 

The authors’ study did not screen for myocardial infarction past the 
first postoperative day in asymptomatic patients. We have observed 
myocardial infarcton between postoperative days 3 and 5 when the 
patient is hypercoagulable. What about the incidence of silent myo- 
cardial infarctions and their influence on the long-term outcome? 
During the 21-month mean follow-up, there were 18 additional cardi- 
ac deaths (8%). Could any of these patients have been identified as “at 
risk” earlier? Only diabetes appears to have a statistically significant 
increased risk of perioperative myocardial infarction. Diabetics with 
vascular surgical disease have up to a 12.1% perioperative mortality 
with coronary artery bypass graft. 

Were all five of your diabetic patients who suffered a perioperative 
myocardial infarction insulin dependent? Were your patients’ risk 
factors modified in any way by antiplatelet therapy, diet, or omega-3 
fish oils? Since your group C patients did just as well as group D, 
would you elaborate on how the patients in group D were selected or 
culled out? You acknowledge that these patients may have had more 
severe disease. Do you think this in any way skewed your results? 

HUGH G. BEEBE, MD, Boston, Mass: During the same period, a 
personal series of carotid operations (575 endarterectomies, 493 pa- 
tients) done in Seattle, Wash, had a 1.2% early myocardial infarction 
rate. I am bothered by the word “acceptable” in your conclusion. I do 
not really think that a 4.1% overall myocardial infarction rate is 
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acceptable. Dr Imparato and colleagues 10 years ago reported from 
New York about the high rate of myocardial infarction after earotid 
surgery because of the tendency to raise pressures using metara- 
minol (Aramine). Their myocardial infarction rate was 4.9%. They 
had an identical number of patients in the New York experience as in 
group C. 

How many of your patients had a prior coronary artery bypass 
graft? How may of your patients were administered preoperative 
aspirin? Tell us how you manage patients’ blood pressure after carotid 
surgery. 

DR YEAGER: I cannot answer about the type of diabetes our 
patients with myocardial infarction had, since we included both insu- 
lin- and noninsulin-dependent patients. I do know that omega-3 fatty 
acids were not a factor in our series. 

Variability in reporting perioperative myocardial infarction rates 
from series to series is often the case. We may be working with a 
different category of patients, or we may be defining perioperative 
myocardial infarction somewhat differently. A prespective series, for 
instance, may have a somewhat higher perioperative myocardial 
infarction rate, if the investigators are following up the patients very 
carefully and identifying silent myocardial infarction. Although our 
review was obviously not prospective, we are very attuned to identi- 
fying perioperative myocardial infarction during the inclusive years 
of study. We had only a single fatal myocardial infarction of the 10 
reported. A 10% mortality rate with perioperative myocardial infarc- 
tion is relatively low and suggests to me that very few, if any, 
significant myocardial infarctions were missed. 

About the operative management of the patient, for blood pressure 
control we use sodium nitroprusside when hypertension is a problem 
and phenylephrine hydrochloride when hypotension is a problem. All 
of our patients should be taking aspirin preoperatively. In addition, 
we are selectively using intravenous nitroglycerine as well as B- 
blockers in patients with angina. General indications for coronary 
bypass surgery in our hospital are primarily based on symptoms and 
coronary anatomy, although ventricular function, as well as the 
patients age and general medical condition, are also factors. The 
relatively high mortality rates reported specifically for vascular sur- 
gical patients undergoing coronary bypass surgery has concerned us 
all. Our vascular surgical patients usually represent challenging 
cases for coronary bypass. They often are elderly patients with poor 
ventricular function and diffuse vascular disease. Diabetes and hy- 
pertension frequently are associated risk factors. We can and should 
improve our results. Vascular surgeons should work to lower the 
incidence of myocardial infarction following peripheral vascular sur- 
gery, and cardiac surgeons should strive to reduce the mortality rate 
of coronary arterial bypass grafting in our difficult vascular surgical 
patients. 
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Improving Diagnosis of Appendicitis 


Early Autologous Leukocyte Scanning 


Anne R. DeLaney, MD; Carol A. Raviola, MD; Paul N. Weber, MD; Paul T. McDonald, MD; Daniel A. Navarro, MD; Ivan Jasko 


è A prospective nonrandomized study investigating the accu- 
racy and utility of autologous leukocyte scanning in the diagno- 
sis of apendicitis was performed. One hundred patients in whom 
the clinical diagnosis of appendicitis was uncertain underwent 
indium 111 oxyquinoline labeling of autologous leukocytes and 
underwent scanning 2 hours following reinjection. Of 32 patients 
with proved appendicitis, three scans revealed normal results 
(false-negative rate, 0.09). Of 68 patients without appendicitis, 
three scans had positive results (false-positive rate, 0.03; sensi- 
tivity, 0.91; specificity, 0.97; predictive value of positive scan, 
0.94; predictive value of negative scan, 0.96; and overall accura- 
cy, 0.95). Scan results altered clinical decisions in 19 patients. In 
13 cases, the scan produced images consistent with diagnoses 
other than appencicitis, expediting appropriate management. 
Early-imaging "' In oxyquinoline autologous leukocyte scanning 
is a practical and highly accurate adjunct for diagnosing 
appendicitis. 

(Arch Surg. 1989;124:1146-1152) 


Apendis is the most frequent indication for acute ab- 
dominal surgery at our health maintenance organiza- 
tion hospital, which serves 260 000 members. The early surgi- 
cal removal of the appendix for appendicitis was first accepted 
with the publication of works by Fitz and McBurney in the 
1880s and 1890s; however, for the next few decades patients 
with appendicitis usually were not operated on before perfo- 
ration.’” As the possibility of preventing rupture and septic 
complications became recognized, the surgical aim changed to 
earlier appendectomy. With earlier diagnosis and operation, 
and with antibiotics, the mortality of acute appendicitis de- 
creased from Fitzs original operative mortality of 40% to the 
present mortality of less than 1%.** To achieve decreased 
mortality by timely operation, a certain degree of diagnostic 
inaccuracy in the form of negative laparotomy has been ac- 
cepted. Despite increasingly sophisticated laboratory tests 
and vast clinical experience with this most common surgical 
illness, the published rates of negative laparotomy (10% to 
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30%) and perforation (15% to 30%) have remained nearly 
constant over the last 50 years.” 

Negative laparotomy and perforation remain significant 
problems. Wound infection rate (5%) and overall morbidity 
(15%) for negative laparotomy are similar to those rates for 
nonruptured acute appendicitis.” A negative laparotomy 
exposes the patient to these risks and to the expense of 
several days of hospitalization and causes an average loss of 
work of 19 days.° The risks and expense occasioned by perfo- 
rated appendicitis, with its morbidity rate of 50%," are even 
greater. 

Patient demographic characteristics, clinical history, phys- 
ical examination, and laboratory results have been analyzed 
for their predictive value in the diagnosis of appendicitis. 
These analyses demonstrate no pathognomonic signs or 
symptoms of appendicitis. Patients with acute appendicitis, 
those with perforation, and those with other diseases overlap 
in clinical presentation.***"” Human and computer-aided scor- 
ing systems, laparoscopy, and intensive in-hospital observa- 
tion have been proposed for the purpose of increasing diag- 
nostic accuracy, with variable results. ™® Recently, trials of 
ultrasound and computed tomographic imaging for diagnosis 
of appendicitis have alse shown promise.” 

Experienced surgeons are well versed in the “classic” pre- 
sentation of appendicitis—a well-established array of items of 
history, physical examination, and laboratory results associ- 
ated with the diagnosis. Patients with classic clinical appendi- 
citis may be brought to the operating room with the high 
likelihood that appendicitis will be found. Similarly, when a 
patient with abdominal pain presents with a markedly un- 
characteristic history or physical examination findings, nega- 
tive appendectomy usually can be avoided with a reasonable 
amount of certainty. However, there are subsets of patients 
in whom the chance ef erroneous or delayed diagnosis is 
especially high. Among these are patients with an atypical or 
unreliable history or physical examination, often children or 
the elderly. Because of the prevalence of gynecologic disor- 
ders in women of menstrual age, this group accounts for 
disproportionately large numbers of negative laparotomies 
(40% to 70%).**"*" In these patients of “moderate suspicion” 
for appendicitis, particularly in menstrual females, an effec- 
tive test for appendicitis is most needed to minimize unneces- 
sary er delayed appendectomy. 

Indium 111 oxyquinoline-labeled autologous leukocyte 
scanning, when performed 24 to 48 hours after reinjection, 
has been a useful clinieal adjunct for localizing abscesses. ”” 
Similarly, labeled leukocyte scanning performed earlier 
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Table 1.—Study Population vs Patient Outcome 


No. of 
Patients 


Sex 


Menstrual F 


Nonmenstrual F 10 


Appendicitis Present (n = 32), 


Patients with Appendicitis) 
OA FE 


Acute 


0 
16 
2 


10 
6 
3 


(% of Total Appendicitis Absent (n = 68), 
No. of Patients 
(% of Total Patients 


Perforated Without Appendicitis) 


1 (3) 
10 (31) 
3 (9) 


3 (4) 
57 (84) 
8 (12) 


(0) 
(50) 
(6) 


(31) 10 (31) 
(19) 3 (9) 
(9) 0 


21 (31) 
40 (59) 
7 (10) 


Any symptom >48 h 40 8 (25) 7 (22) 25 (38) 
History of similar episode 1 3 (9) 3 (9) 25 (38) 
1 


3 
Anorexia 50 
Emesis 5 
Diarrhea or constipation 
Genitourinary symptoms 


Periumbilical migrating to right 
lower quadrant pain 


Last menstrual period >2 wk ago 

Prior abdominal surgery 

Temperature >37.2°C 

Localized right lower quadrant tenderness 


42 
17 


22 
28 
22 
69 
43 


10 
9 
4 
0 


5 
4 
3 
10 
11 


(31) 
(28) 
(13) 


32 (47) 
37 (54) 
32 (47) 
16 (24) 


8 (25) 
5 (16) 
6 (19) 
1 (3) 


(16) 
(13) 
(9) 

(31) 
(34) 


2 (6) 
2 (6) 
1 (3) 
9 (28) 
5 (16) 


15 (22) 
22 (32) 
18 (26) 
50 (74) 
27 (40) 


Peritoneal signs 42 10 (31) 4 (13) 28 (41) 
41 


Guarding 

Right lower quadrant mass 4 
Rectal tenderness or mass 13 
Bowel sounds abnormal 31 
White bloed cell count =10.0 x 10°/L 

AbnormalKUB film 

Urinalysis results abnormal 

R adnexal tenderness 

Bilateral adnexal tenderness 


10 
1 
2 


6 (19) 
17 (53) 


2 


3 (9) 


11 


2 (18)* 0 





(31) 
(3) 
(6) 


8 (25) 23 (34) 

3 (9) o 

2 (6) 9 (13) 

3 (9) 22 (32) 

12 (38) 53 (78) 

3 (9) 7 (10) 

4 (13) 18 (26) 

(9)* 0 9 (19)t 
5 (10)t 


(6) 


*The percent represents the percentage with this finding of total women with appendicitis (n = 11). 
tThe percent represents the percentage with this finding of total women without appendicitis (n = 48). 


(within 2 te 4 hours after reinjection) has been used for 
localization of infection in granulocytopenic patients and for 
the diagnosis of inflammatory bowel disease.~” Acute appen- 
dicitis is similarly an inflammatory process in which a local- 
ized, potentially detectable accumulation of leukocytes oc- 
curs. To evaluate the accuracy and utility of early-imaging 
autologous leukocyte scanning in diagnosing acute appendici- 
tis, we completed a prospective, nonrandomized study involv- 
ing 100 patients with the diagnosis of possible appendicitis. 


MATERIALS AND METHODS 


Investigation into the use of early-imaging “In oxyquinoline autol- 
ogous leukocyte scanning for appendicitis was begun in January 1984. 
A pilot study of 32 patients suggested this scan would be useful for the 
diagnosis of appendicitis,” and the technique was made available to 
our surgical service as an adjunct for the evaluation of the acute 
abdomen. All patients with the diagnosis of possible appendicitis 
were referred to the surgical service for evaluation. At the discretion 
of the attending surgeon, 313 patients in whom the likelihood of acute 
appendicitis was very high were operated on emergently without 
being scanned. Patients in whom the diagnosis was less clear in terms 
of classical signs and symptoms, and in whom the surgeon felt that 
further observation was appropriate, underwent early-imaging ‘In 
oxyquinoline autologous leukocyte scanning. The results of the scan 
were made available to the surgical team. This study investigates 100 
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consecutive patients who underwent scanning between January 1984 
and October 1986. 

Using the technique developed by Thakur et al”” and modified by 
Goodwin,” 50 to 90 mL of the patient's blood was drawn. Through 
differential sedimentation, a leukocyte-enriched fraction was ob- 
tained, labeled with 250 to 500 Ci of `° In oxyquinoline, and reinject- 
ed into the patient. Anterior and lateral abdominal images were 
obtained with a large-field-of-view Anger scintillation camera at 2 
hours after reinjection of the labeled leukocytes. Four of our early 
subjects with positive results also underwent postoperative imaging 
to confirm surgical removal of the focus of abnormal tracer uptake, 
and in several cases, the operative specimen itself was scanned. The 
entire process from blood draw to scan takes a total of 4 hours in our 
facility. All cases were graded as negative, positive consistent with 
acute appendicitis, positive consistent with other diagnosis, or inde- 
terminate. A normal (negative) scan at 2 hours demonstrates a pat- 
tern of tracer uptake in the liver, spleen, aortic and iliac vessels, and 
the iliac crest marrow. “Positive consistent with appendicitis” de- 
notes a scan in which there is an additional, abnormal locus of uptake 
in the additional right lower quadrant consistent with the location of 
an inflamed appendix. Experience in the pilot study indicated that it 
was the localization of tracer uptake in the right lower quacrant, 
rather than a certain quantitative concentration, that was diagnostic 
of appendicitis. “Positive consistent with other diagnosis” denotes 
abnormal tracer uptake in a pattern not confined to the right ‘ower 
quadrant. In “indeterminate” scans it was unclear to the nuclear 
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Table 2.—Results of Scan vs Operative or Clinical Outcome* 


Appendicitis Appendicitis 
Present Absent 


Positive 29 2 


Negative 3 66 





*The sensitivity was 0.91; specificity, 0.97; predictive value of positive scan, 
0.94; predictive value of negative scan, 0.96; and overall accuracy, 0.95. 


medicine physician whether an abnormality was present in the right 
lower quadrant on initial reading. When negative or indeterminate 
results were obtained, a follow-up scan was performed when possible 
at 17 to 24 hours; however, only the results of the early-imaging scans 
are evaluated herein. All cases were reviewed and data were ana- 
lyzed for 37 items regarding demography, history, physical examina- 
tion, laboratery findings, scan results, clinical course, operative re- 
sults, and utility of scan (Table 1). 


RESULTS 


A focus of increased tracer uptake in the right lower quad- 
rant represents appendicitis (Fig 1). We found that, as in 
fluoroscopy, a dynamic interpretation of the scan image of 
accumulating tracer count uptake is important for accurate 
reading, as the hard copy of the scan image is sometimes less 
clear than the monitor image. 

Thirty-one scans were read as positive in a pattern typical 
for appendicitis. Of the 32 patients who proved to have appen- 
dicitis, 3 scans were read as normal (false-negative rate, 
0.09). Of the 68 patients who by clinical course or operative 
findings did not have appendicitis, 2 scams were read as 
positive (false-positive rate, 0.03) (Table 2). Four scans were 
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Fig 1.— Top left, Negative (normal) image at 2 
hours. Top right, Acute appendicitis image at 
1 hour 10 minutes. Bottom left, At 1 hour 35 
minutes, the right lower quadrant focus of 
tracer uptake is clearer. Bottom right, Scan of 
operative specimen demonstrating the ap- 
pendix as the focus of tracer uptake. 


initially read as indeterminate; in these patients, delayed 
imaging confirmed the absence of right lower quadrant abnor- 
mality, and these are therefore included as negative scans. 

Thirty-nine study population patients underwent opera- 
tion, including 28 with true-positive scans, 3 with false-nega- 
tive seans, 2 with false-positive scans, 1 with a true-negative 
scan, which was disregarded in deciding the patient's treat- 
ment, and 5 patients who were operated on for an alternate 
surgieal illness and in whom a normal appendix was con- 
firmed. One additional patient had a positive scan but was felt 
to have perforated appendicitis with an appendiceal phleg- 
mon and was treated with parenteral antibiotics. The diagno- 
sis of appendicitis was confirmed at a subsequent interval 
appendectomy. Perforated appendicitis was found in a total of 
12 patients. 

Of the three false-negative cases, all patients had had a 
prolonged symptomatic period before presenting for evalua- 
tion by the surgical service. One had received intravenous 
antibiotics for 36 hours before the scan was performed for a 
working diagnosis of pelvic inflammatory disease. Another 
was found to have an appendix that was extensively obliter- 
ated by fibrosis, suggesting chronic appendicitis. This appen- 
dix had patent vessels only in the most proximal portion. In 
the two false-positive cases, no pathologic features were iden- 
tified at operation. In one of these patients, the point of 
maximal tracer uptake was located approximately 4 cm ceph- 
alad to McBurney’s point and was interpreted as consistent 
with retrocecal appendicitis; the appendix was normal at 
operation. Four of the five diagnostic errors occurred within 
the first 9 months of using the sean, suggesting that inexperi- 
ence in scan technique or interpretation may have been a — 
factor (Table 3). 

In addition, 13 scans showed uptake patterns that were 
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Table 3.—Scan Diagnostic Errors 











Local Right Antibiotics 
Age, y/ Duration of Typical Lower Quadrant Prior to Operative 
Patient Scan Error Sex Symptoms, h Pain Tenderness Scan Findings Comment 
A False negative 38/F 24-48 No No Yes Appendicitis aes 
B False negative 44/M 48 No No Yes Appendicitis, 24-h delayed 
perforated scan was positive 
C False negative 44/F 48 No Yes No Appendicitis Distal lumen 
obliterated 
D False positive 41/F 12 Yes Yes No No disease 


E False positive 28/F 48 No Yes No No disease Uptake in R 
midabdomen 


















| 
| 


Fig 2.—Early autologous leukocyte scanning images of other diagnoses. Top left, Primary bacterial 
peritonitis. Top right, Pelvic inflammatory disease. Bottom left, Diverticulitis. Bottom right, Colitis. 


consistent with other disease, including diverticulitis, inflam- 
matory bowel disease, pelvic inflammatory disease, Meckel’s 
diverticulitis, bacterial colitis, primary peritonitis, tubo- 
ovarian abscess, postoperative phlegmon, and toxic megaco- 
lon (Fig 2). 

Scan results caused alteration in clinical decisions in 19 of 
the 100 patients. Six patients avoided negative laparotomy 
when appendicitis was ruled out by scan; in 11 patients, the 
correct diagnosis of appendicitis was facilitated and the pa- 
tients underwent earlier operation. In 1 case, a scan was 
erroneously interpreted by a elinician prior to a reading by a 
nuclear medicine physician, and an unnecessary operation 
was undertaken; in 1 patient, operation for an alternate surgi- 
cal diagnosis (torsed ovary) was performed (Fig 3). 


COMMENT 


This study evaluated the accuracy of early-imaging ™In- 
scanning in patients with atypical presentation or uncertain 
diagnosis ofappendicitis. Forty-nine percent were menstrual 
females; 40% had a symptom duration of greater than 48 
hours; 31% had had a prior similar episode; only 22% had a 
history of pain migrating from the periumbilical region to the 
right lower quadrant; and tenderness clearly localized to the 
_ right lower quadrant was present in only 43% of the patients. 
_ Adnexal tenderness was present in 38% of examined females; 
in more than half of these, the tenderness was right-sided 
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6 Avoided ( — ) Laparotomy 


4 Acute Appendicitis 
11 Laparotomy Hastened < 
19 ; ‘ “~~ 7 Ruptured Appendix 


Patients 
Unnecessary 


1 Interpretation Error = — Laparotomy 


1 Laparotomy for Altered Diagnosis (Torsed Ovary) 


Fig 3.— The course of patients in whom clinical decision was altered as 
a result of scanning. 


only. Only 13% of the patients had rectal mass or tenderness. 
Eighteen percent of patients had normal or subnormal white 
blood cell count. By these data, it may be seen that our study 
population represented a group that was far from showing the 
classic presentations for appendicitis, yet the early-imaging 
‘In scan proved accurate in making the diagnosis, and in 
many cases significantly affected clinical decisions. 

Our patients had a high perforation rate of 38% (12/32 
abnormal appendixes). This seems related to the high propor- 
tion of patients with prolonged symptoms before evaluation. 
Fifty-two percent underwent scanning more than 48 hours 
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Appendicitis? 











High Suspicion Moderate Suspicion Low Suspicion 
Male or Menstrual Female Very Atypical History 
Nonmenstrual Female or Atypical History and Physical Examination 
“Classic” and Physical Examination 
History and 
Physical Examination 
. Observe 
aSa Observation 4-12 h 
(or Ultrasound?) 
To Surgery 
Improves 
Does Not Improve W 
Discharge May Scan 
| Scan (er Ultrasound?) | 
Negative Positive Negative 
Discharge To Surgery Delayed Scan 
or Observe 
Delayed Scan 


Fig 4.—Decision tree for the use of scanning in the diagnosis of appendicitis. 


after onset of symptoms. Seventeen percent of our patients 
had their scan performed more than 24 hours after presenta- 
tion to the medical facility. When the scan was delayed more 
than 24 hours after presentation to the hospital, six of seven 
abnormal appendixes had perforated, suggesting that the 
scan could have been utilized earlier to facilitate timely 
operation. 

During the period of the study, 313 patients underwent 
operation for appendicitis without scanning. We investigated 
the course of 102 of these patients, who were operated on over 
a 9-month period in 1986. These were consecutive patients in 
whom the surgeon’s confidence in the clinical diagnosis of 
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appendicitis was sufficiently high to elect operation without 
performing the scan. These patients were different from the 
study population in that 71% were male, only 22% had symp- 
tom duration of greater than 48 hours, only 18% had had a 
prior similar episode, 42% had typical migrating pain, and 
54% had localized right lower quadrant tenderness. 

Of these patients who did not undergo scanning but who 
underwent operation, acute appendicitis was present in 63%, 
ruptured appendicitis was present in 26%, and the laparoto- | 
my was negative for appendicitis in 11%. This negative lapa- 
rotomy rate was notably higher than the 3% false-positive 
rate noted in our “moderate suspicion” study group that did 
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undergo scanning, perhaps indicating that the surgeons’ con- 
fidence in the “high suspicion” group was not entirely war- 
ranted. The high rate of perforation in this nonscanned group, 
while consistent with the literature, may represent, at least in 
part, a failure of some surgeons to recognize the urgency of 
operation in “stable” patients with clinical appendicitis. 

In addition to high diagnostic accuracy, safety and cost- 
effectiveness must also be demonstrated when evaluating the 
utility of any diagnostic test. Indium 111 oxyquinoline scan- 
ning has been in clinical use since 1978, and to date no adverse 
effects related to the radionuclide have been demonstrated 
clinically. With an administered dose of 250 to 500 Ci, the 
maximum radiation dose to the patient is about 0.05 Gy to the 
spleen. This is similar to the radiation exposure associated 
with an excretory urogram. The half-life of In oxyquinoline 
in the body is 67 hours. 

At our facility, the cost of the radionuclide for one scan is 
$130. A total of 4 hours of technician time is required. We 
perform our own labeling; in medical centers without this 
capability, the cost of outside radiopharmaceutical service 
would have to be added. For our hospital setting, this scan 
appears to be cost-effective in comparison with negative lapa- 


rotomy or treatment of preventable perforated appendicitis. 
We have not yet evaluated it in comparison with the cost of 
ultrasound. 

During the period of the study, ultrasound scanning for 
appendicitis was not available at our facility. As our experi- 
ence with ultrasound increases, we may find these tests to be 
complimentary. Ultrasound gives structural information 
(visible appendix), while “In scanning gives information 
about a process (inflammation); both may be helpful in making 
clinical decisions in especially problematic cases. 

The early-imaging “In oxyquinoline autologous leukocyte 
scan is not necessary in every patient who presents with 
abdominal pain. Patients who present with classic history and 
physical examination generally are operated on without the 
use of an additional diagnostic test, and those with very 
atypical presentations are usually discharged or treated for 
an alternate diagnosis. However, those patients in whom 
clinical suspicion is sufficient to warrant intensive observa- 
tion may well benefit from timely use of this:scan. A decision 
tree for the diagnosis of appendicitis represents our current 
use of scanning in the diagnosis of appendicitis (Fig 4). 
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Discussion 


FRANK R. LEWIS, JR, MD, San Francisco, Calif: Tagged white 
blood cell scanning in appendieitis reflects a dynamic process—the 
sequestration of white blood cells in a focus of inflammation —that 
none ofthe purely anatomic imaging studies such as computed tomog- 
raphy and ultrasound do. Because of this, it has a theoretical advan- 
tage, since the presence of inflammation is the sine qua non of 
appendicitis. Unfortunately, this theoretical advantage must out- 
weigh the mundane realities of scintigraphy if the procedure is to 
have practical value. Some of the realities follow: 

1. The overall resolution of scintigraphy, even with collimation, is 
for objects 1 to 2 cm in size. This is at least 10-fold less than computed 
tomography or magnetic resonance imaging and perhaps fivefold less 
than high-resolution ultrasound. Thus, the ability to see anatomic 
detail by scintigraphy is two dimensional in a frontal or lateral projec- 
tion and does not allow transverse images to be developed. This does 
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not allow the anatomic site of uptake to be well defined. Do the 
authors think this will be a limitation? 

2. Previous studies with technetium Tc 99m white blood cell imag- 
ing in appendicitis showed relatively inferior results because of poor 
resolution. In particular, there was inability to distinguish the inflam- 
mation of pelvic inflammatory disease from that due to appendicitis in 
reproductive women—the principal group where improved diagnos- 
tic tests are needed. In the present study, that does not appear to bea 
limitation, and I would appreciate your comments on the reasons for 
the improvement. 

3. Other causes of inflammatory foci in the right lower quadrant 
would seem to pose a problem because of their closeness to the 
appendix. In addition, pelvic inflammatory disease, Crohn's disease, 
Meckel’s diverticulitis, colitis, diverticulitis in the cecum, a right- 
sided sigmoid colon, and even arthritis in the right hip might all be 
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sites of significant white blood cell uptake. While it appears from your 
examples that several of these conditions have characteristic imaging 
qualities, I am concerned that not all would be so classically distinct. 
What is the likelihood of error in this regard? 

4. A false-negative test in appendicitis is of more concern than a 
false-positive one, because it may convince the clinician to delay 
operation, causing the patient to progress from nonperforated to 
perforated appendicitis, thereby incurring major additional morbid- 
ity. In the present study, this rate is 9% and in your earlier study it 
was 13%. Might this rate be reduced by delaying the scan for a longer 
period after the injection of isotope? 

5. In the present study, the scan was performed 2 hours after the 
injection of the isotope. In addition, the actual time for performance 
of the test would have to include drawing the blood, differential 
sedimentation of the leukocytes, and tagging with “In. It seems 
likely that these processes would take at least another 2 to 3 hours, 
bringing the total time to at least 4 to 5 hours. Is this an accurate 
reflection of your experience, and is this a deterrent to its use? 

6. My own environment may be different from other hospitals, but 
the availability of these tests decreases dramatically after 5 PM and on 
weekends. If a study is available for only 8 hours daily Monday 
through Friday, it is unavailable more than 75% of the time. Is this a 
factor in use of this study? 

7. Finally, the cost of this test would be in the $500 to $700 range, 
and if one had to purchase the radiopharmaceuticals, even higher. 
Are the cost savings in operations avoided sufficient to justify this? 

My skepticism is shaped by the experience I have had with other 
modalities for which there was initial enthusiasm and later disap- 
pointment. The originators of a technique often develop expertise in 
its performance that camnot be exported to the world at large. I hope 
this will not be the case with this study. We could use an objective test 
that would detect appendicitis reliably. 

ROBERT W. JAMPLIS, MD, Palo Alto, Calif: Our nuclear medicine 
people have said, “Yes, autologous leukocyte scan is a sensitive test 
and it is an accurate test, but it ean only be given once ina lifetime toa 
patient because of the high dosage of radiation per test.” Would the 
authors comment on this? 

ERIC W. FONKALSRUD, MD, Los Angeles, Calif: Immunosup- 
pressed patients with conditions such as leukemia, who have received 
extensive chemotherapy and possibly bone marrow transplant, and 
who develop acute right lower quadrant pain, may provide a difficult 
differential between appendicitis, typhlitis, and other conditions. 
Could the study described be used in a setting where the white blood 
cell count may be very low? When the white blood cell count is below 
5 x10°/L can one tag sufficient white blood cells to have the test 
performed with accuracy? These patients are usually incapable of 
making pus. 

This is a particularly important area for study since we would like to 


avoid operating on patients with very low white blood cell and platelet 
counts, unless we feel fairly secure that they have appendicitis. 

WILLIAM S. FLETCHER, MD, Portland, Ore: I should like to ask 
whether this test would be safe or efficacious in pregnant women with 
possible appendicitis, a most perplexing diagnostic problem. 

MARSHALL SCHWARTZ, MD, Sacramento, Calif: I have eoncerns 
about the use of this technique in children. Did the authors correlate 
the scan findings with the duration of symptoms? The usual dilemma 
that we face is a child who has had symptoms less than 24 hours. 
Would the scan likely be positive in this group where the clinical 
diagnosis is not clear? This is the clinical setting where an objective 
diagnostic tool for appendicitis would be most useful. 

You indicated that the treatment choice was changed in 19 patients 
who had a sean. However, 7 of the 19 patients had appendixes that 
were already ruptured. This is not the group in which we need an 
objective diagnostic tool. In the group with ruptured appendixes, 
ultrasound may be as useful, more readily available, and less expen- 
sive. Finally, the need to use 50 to 90 mL of blood would make this 
scan technique less applicable to young children. 

RONALD G. LATIMER, MD, Santa Barbara, Calif: I asked our 
nuclear medicine department why they were not doing this test. They 
told me that it is very difficult to get indium; it can be obtained only at 
certain centers, and its half-life is very short. It is also extremely 
expensive. They called my attention to a group in San Diego who 
apparently are having as much success with technetium for appendi- 
ceal scans. What do the authors say about these issues? 

DR MCDONALD: I am a skeptic. I was not on board when this study 
started, but I must admit that I have been brought along by Dr 
DeLaney’s careful guidance. 

Delivered radiation is 0.05 Gy. A comparable study would be an 
excretory urogram. If you have a woman of menstrual age with 
tender adnexa more on the right and who may have appendicitis, this 
is exactly the patient in whom this study is efficacious. It permits you 
to make a clear diagnosis or rule out the appendicitis. 

We do have limitations on this scintigraphy. It is similar to fluoros- 
copy in the sense that the skill of the nuclear medicine physician is 
brought into play as he or she watches these images appear on the 
screen, and slight adjustments are made to make the diagnosis. 

We did have the benefit of a funded study that brought a technician 
in at all hours to standardize our tests, and that is what permits the 
excellent diagnostic ability of the test. 

This is a test that is done when you examine a patient and say, “I am 
not really sure what is wrong with this patient. No, I do not think I 
will operate on this patient.” That is when you decide to take the time 
to complete the early ‘In scanning. 

I would not expect technetium to work. The indium attached to the 
white blood cells gives a much better image. 


NIH Therapeutic Study of Follicular Thyroid Carcinoma 


The National Institutes of Health requests the cooperation of physicians in referring patients with pure 
follicular thyroid cancer for a randomized clinical trial investigating the effectiveness of radiosensitizing 
agents in enhancing radioiodine therapy. Patients would have had primary thyroid surgery, without additional 
therapy for recurrences, and meet one of the following criteria: (1) age 40 years or older at the time of 
diagnosis and either primary tumor greater than 3 cm, regional lymph node metastases, extensive tumor 
capsule penetration, or extensive angioinvasion; or (2) any age with either tumor penetration into surrounding 


tissues or metastases outside of the neck. 


All medical care expenses at NIH will be covered by the government, except for transportation costs. 
Physicians will be informed regularly about the status of their patients and will continue to provide long- 
term care for them. Please contact: Dr Kenneth B. Ain or Dr Jacob Robbins, Bldg 10, Room 8N315, National 
Institutes ef Health, Bethesda, MD 20892; (301) 496-2831 or (801) 496-5761 
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Treatment of Paget-Schroetter Syndrome 


A Staged, Multidisciplinary Approach 


James M. Kunkel, MD, Herbert I. Machleder, MD 


è A comprehensive approach to management of Paget- 
Schroetter syndrome was developed and applied to 25 consecu- 
tive patients. We studied 14 men and 11 women with an average 
age of 29 years, 17 of whom were either competitive athletes or 
industrial workers with onset of symptoms related to physical 
stress. Venous compression or thrombosis at the thoracic outlet 
was demonstrated in all patients, with similar abnormalities in 
the contralateral vein visualized in 12 of 15 patients studied. Eight 
of 17 patients had evoked potential loss of the brachial plexus 
peak (N9), and 21 patients had stress compression of the subcla- 
vian artery. Osseous or musculotendinous abnormalities were 
documented in 18 patients. Excellent functional results were 
obtained when initial treatment with high-dose local thromboly- 
tic agents (11 patients) was followed by anticoagulation. Trans- 
axillary first rib resection (17 patients) and balloon angioplasty (3 
patients) were used in selected patients with residual symptoms 
or venous compression. 

(Arch Surg. 1989;124:1153-1158) 


pontaneous or effort-related thrombosis of the axillosub- 

clavian vein is a disabling disorder of young, otherwise 
healthy individuals that was described independently over 
100 years ago by Paget in England and Von Schroetter in 
Germany. In 1949, Hughes’ analyzed 320 cases of spontane- 
ous upper-extremity venous thrombosis collected from the 
medical literature. He recognized the first two deseriptions 
by naming the entity the “Paget-Schroetter syndrome.” Over 
the course of subsequent investigations it has come to be 
understood that in contrast to the apparent spontaneous na- 
ture of the event, there is an underlying chronic venous 
compressive anomaly at the thoracic outlet.” 

Despite increasing recognition of this syndrome and inno- 
vative approaches to management, there remains substantial 
disagreement in clinical reports regarding optimal thera- 
py.*** The 167 articles in Hughes” literature review averaged 
2 patients per article, with no series containing more than 10 
patients. This paucity of concentrated experience, particular- 
ly in view of major improvements in pharmacologic, interven- 
tional radiologic, and surgical techniques, has retarded the 
development of a comprehensive and effective therapeutic 
approach. As a referral medical center for upper-extremity 
vascular disorders, we set out to develop a consistent clinical 
management strategy based on contemporary concepts of 
pathophysiology and a multidisciplinary approach tc therapy. 
Flexibility was incorporated in the clinical algorithm to ac- 
commodate the stage of illness at which the patient was 
referred as well as the effects of antecedent treatment. 


PATIENTS AND METHODS 


During a 4-year period (1985 to 1988), 25 patients with classical 
Paget-Schroetter syndrome were referred to us at the UCLA Medi- 
cal Center for evaluation and treatment. The 14 men and 11 women, 
who otherwise were in excellent general health, had spontaneous or 
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effort-related upper-extremity axillary and subclavian venous 
thrombosis unrelated to intercurrent illness or iatrogenic manipula- 
tion. Only 1 patient, a fire captain, had an episode of trauma even 
remotely connected with the thrombotic event.” 

Ages of the men ranged from 15 to 41 years, with a mean age of 22 
years and a median age of 20 years. Women were older as a group 
(P<.0001) with ages ranging from 23 to 51 years, with a mean age of 
38 years and a median age of 43 years. Twenty-four patients were 
right-hand dominant. The initial episode of thrombosis occurred in 
the right arm in 17 patients (9 men and 8 women) and in the left arm in 
8 patients (5 men and 3 women). Three patients had a prior history of 
axillosubclavian vein occlusion in the contralateral extremity (2 men 
and 1 woman). 

Ten patients were tradesmen engaged in occupations involving 
upper-extremity labor. Eight were so called white-collar workers or 
the equivalent, and 7 were engaged in competitive athletics (Table). 
Seventeen patients (68%) had been engaged in competitive sports or 
manual labor, with the thrombotic event following strenuous effort 
(13 men [100% of the men], and 4 women [36% of the women]). Eight 
patients were engaged in relatively sedentary activity with no recog- 
nizable precipitating event (all women). 

One male patient had the first episode of spontaneous thrombosis in 
the right arm while working as a framer on a construction project. 
Bilateral venograms revealed a contralateral venous deformity at the 
thoracic outlet, which we have come to recognize as a precursor to the 
thrombotic event. One year later, spontaneous thrombosis oecurred 
in the contralateral axillosubclavian vein when the patient was work- 
ing as a cashier in a record store. A second man had contralateral 
axillosubclavian vein thrombosis 18 months after the first episode 
under identical circumstances during a camping trip at the same 
campsite. A female patient had two episodes separated by 17 years. 

When seen for consultation, all of these patients were disabled for 
the performance of their usual occupations, and in five patients, the 
disability was considered to be work related by a state workers 
compensation board. 


Clinical Evaluation 


The typical presentation included the sudden onset of a feeling of 
heaviness, with noticeable swelling and mild cyanosis of the affected 
extremity. Increased venous prominence in the hand and forearm as 
well as appearance of collateral veins at the shoulder girdle were 
noted by most patients. Axillary pain or tenderness was variably 
recognized. Six patients reported premonitory symptoms of transito- 
ry swelling with resolution occurring from several months to within 
several weeks of the presenting symptoms. 

Characteristics of the physical examination varied with the inter- 
val from onset of symptoms to the time of evaluation. Nonpitting 
edema involving forearm, upper arm, and occasionally hand and 
fingers usually resolved within 2 days to 3 weeks despite considerable 
residual symptomatic exacerbation with arm use. Cyanosis, although 
commonly present initially, likewise resolved within several days to 3 
weeks. With resolution of the acute symptoms, increased collateral 
circulation was observed around the axilla and shoulder girdle. How- 
ever, other manifestations of elevated venous pressure were not 
readily evident during the clinical examination of these patients. 
Additional signs of neurovascular compression at the thoraeic outlet 
were documented in 21 patients (84%) who had positive stress tests 
for arterial compression, assessed by pulse obliteration or exillosub- 
clavian artery bruit, with Adson’s test or the elevated arm stress 
test. 


Laboratory Evaluation 


All patients had venography of the affected upper extremity to 
confirm the diagnosis. Twenty-three (92%) had complete thrombotic 
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Demographic Characteristics of 25 Consecutive Patients With 
Paget-Schroetter Syndrome (1985 to 1988) 
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obstruction, and 2 patients had evidence of external compression or 
strieture without evidence of residual thrombus (1 man and 1 wom- 
an). This characteristic ef high-grade stenosis with probable inter- 
mittent occlusion was suspected in 14 of Hughes’ collected cases 
(where exploration of the vein failed to reveal any thrombus). This 
phenomenon was analyzed later in more detail by McCleery et al.” 

After we encountered 3 patients with separate thrombotic events 
involving both upper extremities, bilateral upper-extremity venog- 
raphy was included in the patient evaluation. In the 15 patients 
studied, abnormalities were found in the contralateral vein in 12 
(80%). This included 19 (200%) of 10 men studied and2 (40%) of the 5 
women studied. The contralateral vein was found to be thrombotic in 
3 patients, normal in 3 patients, and compressed at the thoracic outlet 
in 9 patients. The occurrence of bilateral abnormalities corroborates 
the findings in other reports of Paget-Schroetter syndrome. ” 

To evaluate symptoms of brachial plexus compression at the tho- 
racic outlet, somatosensory-evoked potentials were studied in 17 
patients according to a previously described protocol.” N9 brachial 
plexus potentials were measured for median and uinar nerves in both 
the neutral and stress positions. These test results were found to be 
abnormal on the affected side in 8 patients (6 men [60% of those 
studied] and 2 women [29% of those studied ]) and normal in 4 men and 
5 women. 

Routine hematologic and serum chemistry study findings were 
unremarkable in this group of patients, and coagulation studies docu- 
mented a minimal deficiency of protein C in one patient and a similar 
deficiency of protein S in another. A third patient had started oral 
estrogen contraceptive therapy 2 weeks prior te the onset of the 
thrombotic event. 


RESULTS 


The algorithm for management that was established at the 
outset of the study included verification of the diagnosis by 
venography followed by local thrombolytic therapy and anti- 
coagulation for 3 months.” After that time, patients with 
stable occlusion of the axillosubclavian vein were evaluated 
for residual symptoms. For those patients with significant 
residual disability, thoracic outlet decompression via transax- 
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illary first rib resection was recommended. Patients with 
patent but compressed axillosubclavian veins were, likewise, 
treated with first rib resection (Fig 1). Following that proce- 
dure, percutaneous balloon angioplasty was utilized to cor- 
rect residual venous stenosis or stricture when this was dem- 
onstrated on follow-up venogram (Fig 2). The algorithm was 
modified for those patients whose therapy was initiated at a 
referrmg hospital. 


Local Thrombolytic Therapy 


In recent years, the superiority of local thrombolytic thera- 
py over systemic infusion of fibrinolytic agents has been 
demonstrated, particularly for the treatment of axillosubcla- 
vian vein thrombosis.” Venography was performed via the 
basilic vein of the affected extremity. A separate retrograde 
innominate or superior vena caval injection from a transfe- 
moral approach was utilized in selected cases to obtain better 
visualization of the central veins. 

When thrombus was visualized in the brachial, axillary, or 
subclavian veins, a small catheter was positioned in the clot 
via the percutaneous basilic vein approach. An attempt was 
made to traverse the clot with either a guide wire or a catheter 
to establish a channel prior to infusion. Early in the course of 
this study, urokinase was used in a dose range of 20 000 to 
40 000 [U/h.” Later in our experience, optimal therapy was 
considered to include traversing the thrombus with a guide 
wire then infusing a loading dose of 250 000 IU of urokinase 
into the clot over 1 hour (4000 IU/min). Infusion at this rate 
can be continued for an additional hour then changed to 1000 
IU/min for up to 24 hours.” Systemic heparinization sufficient 
to maintain the partial thromboplastin time at 1.5 times con- 
trol value was utilized if there was any evidence of thrombus 
formation in the segment of vein traversed by the catheter, or 
if a prolonged thrombolytic infusion was anticipated. After 
discontinuation of the fibrinolytic agent, full heparinization 
was utilized until anticoagulation with warfarin sodium (Cou- 
madin) to a prothrombin time of 1.5 to 2 times control values 
was obtained. Warfarin sodium anticoagulation was main- 
tained for 3 months. 

Eleven patients were treated at the outset with thromboly- 
tic therapy. Eight of these patients underwent initial therapy 
using streptokinase, with successful recanalization of the vein 
in three. Of the five failures involving the use of streptoki- 
nase, three patients were re-treated with urokinase, which 
resulted in successful reeanalization of the vein in all three. 
Three patients who were initially treated with urokinase 
together with the three treated secondarily had successful 
clot dissolution and recanalization. Thus, all six patients 
treated with local high-dose urokinase had successful clot 
dissolution and recanalization. 

Nine patients were treated solely with heparin sodium 
followed by warfarin sodium anticoagulation. Four of these 
patients had evidence of recanalization on follow-up veno- 
grams. Of two patients treated with warfarin sodium alone, 
one showed evidence of recanalization. Three patients who 
were referred for protracted disabling symptoms had no spe- 
cific thrombolytic or anticoagulant therapy as primary treat- 
ment. Following initial treatment, 18 patients continued to 
receive an average of 14.6 weeks of warfarin sodium antico- 
agulation. This regimen was planned to allow resolution of the 
thrombophlebitic process prior to a decision regarding defini- 
tive treatment of the underlying abnormality. 

We found it particularly noteworthy that three patients 
had successful surgical thrombectomy (at referring hospitals) 
as part of their initial treatment, and all experienced rethrom- 
bosis of the vein in the early postoperative period as verified 
by follow-up venography. On completion of thrombolytic 
therapy and visualization of the underlying compressive le- 
sion, four patients had percutaneous transluminal balloon 
venoplasty as part of their initial therapy. These procedures 


Treatment of Paget-Schroetter Syndrome — Kunkel & Machleder 





Fig 1.—Left, Residual compression of the axillosubclavian vein at the thoracic outlet revealed after clot 
lysis with local thrombolytic therapy. Right, Improvement of vein configuration and elimination of pressure 


gradient following first rib resection. 





Fig 2.—Left, Residual vein stenosis after successful recanalization with urokinase and decompression by 
first rib resection. Right, Improvement of vein lumen following transluminal balloon angioplasty (pressure 
gradient cleared). J indicates the jugular vein flow into the subclavian vein. 


performed at the referring hospitals, without prior surgical 
decompression, resulted in the thrombotic reocclusion of the 
previously patent but stenotic axillosubclavian vein in all 
cases. The futility of this approach as a definitive procedure 
has been documented by others.” 

At the conclusion of anticoagulation therapy, patients who 
had failed attempts at recanalization of the vein but had a 
stable nonprogressing venous thrombus were advised to re- 
sume normal activity, with the intention of demonstrating the 
presence or absence of residual symptoms. Patients with 
continued disability restricting them from their usual occupa- 
tion or avocation were offered the option of surgical decom- 
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pression of the thoracic outlet. The rationale for this therapy 
in patients with irremediable thrombosis was based in part on 
the venographic evidence demonstrating compression of the 
collateral veins at the thoracic outlet when the arm was placec 
in the elevated position. 

At the 3-month interval, seven patients (28%) were either 
asymptomatic or declined operative intervention for nendisa- 
bling symptoms. Eighteen patients (72%) had residual symp- 
toms that disabled them for their usual occupation or activi- 
ties. Of the symptomatic patients, four clearly had residua 
symptoms of venous hypertension with heaviness, edema 
and discomfort accompanying exercise. Ten patients hac 
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Fig 3.— Top, Anatomical relationship of structures of the thoracic outlet as seen from the transaxillary 
surgical approach. Bottom left, Compression of the axillosubclavian vein seen in patients with Paget- 
Schroetter variant of the thoracic outlet compression syndrome. Bottom right, Configuration of the 


thoracic outlet after removal of the first rib. 


symptoms that were more consistent with neurogenic thorac- 
ic outlet compression syndrome. These symptoms were pre- 
dominantly dysesthesias in the course of the brachial plexus, 
abnormal somatosensory-evoked potential test results, and 
progressive weakness and evidence of motor or sensory nerve 
dysfunction. Four patients had symptoms of more complex 
neurovascular compression. 


Surgical Therapy 
Seventeen patients underwent transaxillary first rib resec- 
tion, and one had resection of an exostosis of the clavicular 
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head. One of these patients, referred after operation, had 
regeneration of the first rib and recurrence of symptoms after 
a prior supraclavicular first rib resection and thrombectomy. 
Despite rethrombosis in the postoperative period, the symp- 
toms were related primarily to compression of the brachial 
plexus. This patient’s symptoms were relieved by reexplora- 
tion and resection of the first rib. At postoperative follow-up 
examination, the patient was fully employed as a security 
guard. A second patient, a long-distance 18-wheel diesel 
truck driver, developed recurrent symptoms of neurovascu- 
lar compression after first rib resection performed at a refer- 
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ring hospital. Symptoms were relieved after medial clavicular 
resection, scalenectomy, and venolysis. At follow-up evalua- 
tion 4 months postoperatively, the patient was employed at 
his usual occupation. 

Four patients had residual vein stenosis after first rib 
resection, and three had successful transluminal balloon an- 
gioplasty. One patient failed angioplasty when the stenosis 
could not be crossed with a guide wire. Despite this failure of 
angioplasty, the patient returned to competitive football after 
first rib resection and remained asymptomatic without arm 
edema. Four patients had transaxillary rib resection for cor- 
rection of the contralateral compressed axillosubclavian vein. 


Complications 


All patients treated with initial thrombectomy or balloon 
angioplasty experienced rethrombosis. An allergic reaction 
to streptokinase occurred despite routine steroid pretreat- 
ment. There was one recurrent thrombosis after successful 
recanalization and warfarin sodium therapy, and one case of 
retrograde thrombosis around the catheter during thrombo- 
lytic therapy. 


Surgical Complication 


One patient developed a probably unrelated shoulder im- 
pingement syndrome, which required surgical correction. 
The patient resumed his usual occupation as a fire fighter. 
Another patient had recurrent neurogenic symptoms from 
posttraumatic cervical disk disease requiring cervical fusion. 


Operative Findings 


At the time of surgery, 12 patients had notable hypertro- 
phy of the anterior scalene or subclavius muscle and tendons. 
Nine patients had a prominent exostosis at the insertion of the 
subclavius or scalenus anticus tendons (Fig 3).” At the last 
follow-up evaluation (mean, 69 weeks; median, 61 weeks), 23 
patients had returned to their preillness work or activity. 
Two laborers were advised to undergo retraining, primarily 
because of untreated abnormalities of the contralateral tho- 
racic outlet. A stock boy received training as a security guard 
and a sheet-metal worker was in the process of retraining. 


COMMENT 


Paget-Schroetter syndrome occurs primarily in healthy, 
vigorous, young individuals. The acute thrombosis is most 
often in an area of chronic compression and stricture of the 
axillosubclavian vein junction at the thoracic outlet. The vein 
is compressed between an hypertrophied scalene or subcla- 
vius tendon and the first rib. A large exostosis is often found 
at the costoclavicular junction. 

The natural history of the disease reflects the development 
of venous hypertension due to chronic axillosubclavian vein 
compression, with acute symptoms resulting from sudden 
thrombosis and obstruction of collateral veins. Following res- 
olution of acute thrombotic manifestations, patients may be 
relatively free of symptoms at rest and edema may resolve 
fairly promptly within 1 to 3 weeks. Resumption of normal 
activity after a period of recuperation frequently leads to 
symptoms of upper-extremity venous hypertension exacer- 
bated by using the arms in the overhead position. This posi- 
tion can be demonstrated venographically to further occlude 
collateral vessels in the thoracic outlet. A number of patients 
develop more extensive symptoms of neurogenic thoracic 
outlet syndrome (10 patients in this series). 

Anticoagulation may protect the collateral vessels and in- 
terrupt the period of active clot propagation, resulting in 
better function than would be expected from the natural 
history of the thrombotic event. In our experience, local 
urokinase was the most effective means for reestablishing 
venous patency. With clot dissolution, the underlying com- 
pression of the vein at the thoracic outlet can be demonstrat- 
ed. Balloon angioplasty should not be undertaken in the acute 
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setting nor prior to relieving the structural compression. 
Resolution of the acute phlebitic process should be protected 
by warfarin sodium for 3 months. At that time, it can be 
determined more effectively which patients will require addi- 
tional therapy. Removal of the first rib will decompress the 
axillosubclavian vein and the thoracic outlet collaterals, per- 
mitting the vein to regain its normal configuration, particu- 
larly in younger patients with more acute onset of compres- 
sion. In those patients with more chronic compression, the 
vein becomes stenotic. Improvement of the luminal configu- 
ration has been accomplished with transvenous balloon angio- 
plasty without the necessity for venous reconstructive proce- 
dures in this series. 

Patients with Paget-Schroetter syndrome have a symptom 
complex that often reflects more extensive neurovascular 
compression at the thoracic outlet than that which might 
result from venous hypertension alone. Although taromboly- 
tic therapy can restore patency of the axillosubclavian vein, 
first rib resection is necessary to relieve the external com- 
pression. This procedure was effective in those patients who 
had restoration of subclavian vein patency as weil as those 
with residual occlusion, resulting in excellent function in both 


groups. 
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Discussion 


LOUIS L. SMITH, MD, Loma Linda, Calif: Although this syndrome 
has been known for over 100 years, only recently have there been 
significant advances in the diagnosis and treatment of this condition. 

The striking features of this syndrome are the youth of the patients 
and the relationship of the onset of symptoms to strenuous activity. 
Eighty-four percent of these patients had positive stress tests for 
arterial compression, emphasizing the importance of careful physical 
examination. 

The authors stress the value of upper-extremity venography in 
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verifying the presence of venous occlusion and call attention to the 
bilateral occurrence of venous thrombosis or thoracic outlet venous 
compression. Abnormal findings were noted in 80% of patients having 
contralateral upper-extremity venography. Initial therapy should be 
directed toward thrombus dissolution and I agree with those who use 
urokinase as the thrombolytic agent of choice followed by long-term 
anticoagulation. 

Seventy-twe percent of patients, however, remained symptomatic 
and unable to resume their usual occupation. These patients had 
transaxillary first rib resection with gratifying results. Three of four 
patients with residual subclavian venous stenosis following first rib 
resection were treated successfully by transluminal balloon angio- 
plasty, a beneft ratio better than I would have anticipated. 

How important are the somatosensory-evoked potentials in estab- 
lishing the diagnosis of thoracic outlet compression, and what are the 
changes observed? Is physical activity restricted in patients who 
have had successful dissolution of the obstructing axillosubclavian 
thrombus and who are thereafter asymptomatic? 

WILEY F. BARKER, MD, Los Angeles, Calif: When Dr Machleder 
was a resident, many of us were impressed by the apparent rapid 
spontaneous dissolution of the clot in the subclavian vein and won- 
dered if the symptoms were produced by the extrinsic compression 
alone and if the thrombosis was secondary. At that time, we were not 
blessed with such excellent radiologic help. 

Others have also commented that the phlebographic findings of 
extrinsic compression in the contralateral arm meant little, because 
the symptomatic and asymptomatic side might appear identical ra- 
diologically; the crude plethysmographic studies we tried to use were 
also often identical bilaterally, whereas only one side was symptomat- 
ic. Dr Machleder has made the logically correct interpretation of this 
matter, namely, that the disease is often bilateral. This leaves one 
important question: with bilaterally symmetrical anatomy, why is 
only one side (usually the right) so commonly symptomatic and in- 
volved in thrombosis? Is it a matter of “effort” thrombosis after all? 

STEVEN PARKS, MD, Fresno, Calif: We commonly see subclavian 
venous thrombosis after we have run concentrated hyperalimenta- 
tion solutions and have it 2s a complication. This is a different disease. 
Is the coaxial infusion technique of lysing the clot when we have this 
complication appropriate? 

EDWARD VEERIER, MD, San Francisco, Calif: Would you please 
clarify the relationship between thrombolytic therapy, recanaliza- 
tion, definitive surgical therapy, and symptoms? 

ROBERT L. MITCHELL, MD, Mountain View, Calif: 1 would like to 
ask whether venograms on so-called normal patients with raised arms 
would look like those taken on the contralateral side that is abnormal. 
What do you mean by stress tests of the artery? 

Roy L. TAWES, MD, San Mateo, Calif: I would like to see Dr 
Machleder conduct a trial of venous thrombectomy, followed by 
balloon angioplasty in the same setting, and then using heparin—war- 
farin sodium anticoagulation postoperatively. We have had good 
results with this approach in the arterial system. 

CLIFFORD STRAEHLEY, MD, Honolulu, Hawaii: We have been 
interested in this problem, and I agree with the management of the 
acute case. Our concept af pathogenesis, however, differs somewhat 
from what was presented today. In every case that we have studied 
following the dissolution of the clot, there has been a web in the vein, 
and in four instances we have explored the web and have found 
intimal hyperplasia and intense fibrosis in this area. We postulate 
that there is a continuous pinching action (like pliers) between the 
clavicle and the first rib during a nearly infinite number af arm actions 
(abduction, elevation, ete) in the course of a lifetime. This web 
gradually forms end eventually a clot occurs behind it. 

The reason these people don’t suffer massive pulmonary embolism 
is because the web prevents the clot from dislodging, whereas in 
people in whom massive axillosubclavian clotting forms on top of a 
pacemaker electrode, we know that massive pulmonary embolism 
can occur. 

We have found that thrombolysis has been successful up to 16 days 
after the onset of the acute condition. Venography after clot lysis 
clearly shows the web and it then can be dilated percutaneously. 
Later a first rib resection can be done. 

In the chronicaily disabled patient, after 3 months or even up to 1 
year or more following the existence of the condition with intense 
swelling and work disability, we have operated and removed the 
inner half of the clavicle to do venous reconstruction with a vein graft 
after the excision of the weblike area of intimal hyperplasia and 
fibrosis. 

KAJ H. JOHANSEN, MD, Seattle, Wash: A brief question. The work 
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of Eklof and others on lower-extremity acute venous thrombosis has 
shown profoundly better outcomes in terms of immediate and long- 
term patency with the use of an arteriovenous fistula following ve- 
nous thrombectomy and use of antiplatelet agents and/or anticoagu- 
lants. Would you comment on this approach in those circumstances 
where eperation is necessary. 

DR MACHLEDER: Dr Smith, we have found the sensory-evoked 
potential test to be useful in assessing the component of brachial 
plexus compression. Ten of our patients had signs of venous hyper- 
tension but developed additional symptoms that were characteristic 
of more extensive compression at the thoracic outlet. Although the 
test is not necessary in all patients with venous or arterial obstruc- 
tion, we felt it important for our study to document the incidence of 
brachial plexus compression, 

During the treatment period with warfarin sodium, we restrict 
activity for those individuals with more demanding occupational 
requirements. These individuals should not be treated definitively in 
the early period. After thrombosis there is a phlebitic process affect- 
ing the venous endothelium. If thrombectomy or angioplasty is per- 
formed early, there is a significant likelihood of rethrombosis. 

Afteran attempt at clot lysis, the patient is given warfarin sodium 
for 3 months. If they are laborers, we keep them on disabled status so 
that they are not working. In the final month, they are allowed to 
enter a work-hardening program to simulate their work activities and 
to see if they are symptomatic either from venous hypertension or 
from neurogenic symptoms. 

Dr Barker, thank you for your guidance in accurately framing our 
questions to answer these clinical vascular problems by investi- 
gation. In answer to your question, why is the side with stenosis 
asymptomatic when it is not involved in thrombosis, our belief is that 
at the time of thrombosis there is extension to the collateral veins, 
destroying the balance and resulting in venous hypertension. 

Dr Parks, there is a problem comparing patients having acute 
axillosubelavian vein thrombosis as a consequence of indwelling lines 
with patients having Paget-Schroetter syndrome. I believe that the 
two are different entities, and that the issue is confused in many 
articles in which patients who have silent axillosubelavian vein 
thrombosis as a consequence of indwelling lines and those with Paget- 
Schroetter syndrome are combined. Axillosubclavian vein thrombo- 
sis in the absence of compression is an often benign condition and may 
not warrant thrombolytic therapy. We have treated these patients 
with warfarin sodium until the thrombotic process has stabilized 
rather than removing the lines. 

Dr Verrier, in follow-up evaluation those patients with successful 
recanalization and surgical decompression were essentially asymp- 
tomatic. Patients with residual vein occlusion had occasional symp- 
toms despite significant improvement after transaxillary first rib 
resection. 

Dr Mitchell, Dr McCleery and later Dr DeWeese have addressed 
the issue of intermittent vein compression without thrombosis in 
symptomatic individuals. It would not surprise me that you might 
find similar compression in asymptomatic people. The manifestation 
of a disease state is a complex interaction of factors, only one of which 
may be the underlying anatomic abnormality. The fact that both 
normal and symptomatic individuals may have a positive Adson’s test 
is inconsequential in my estimation. This is not a pathognomonic sign 
of thoracie outlet compression syndrome and consequently must be 
understood in the context of other elements of history, physical 
examination, and tests. The fact that so-called normal individuals ean 
occasionally show signs of both arterial and venous compression 
doesn’t detract from the value of that diagnostic information in the 
symptomatic patient. 

Dr Tawes, our experience has led us to conclude that except under 
most unusual circumstances, acute venous thrombectomy in the Pag- 
et-Schroetter syndrome is not worthwhile. Rethrombosis is very 
common after either thrombectomy or balloon angioplasty in the 
acute situation. The staged approach is very well tolerated by pa- 
tients, with excellent rehabilitation to normal activity. 

Dr Straehley, your report with Drs Whelan and Aziz is a classic 
description for the treatment of patients with chronic obstruction. I 
believe that if patients are not treated vigorously initially, they will 
have thrombosis of the collateral veins with consequent problems of 
chronic venous hypertension. In those instances, one may have to 
rely on venous reconstructive surgery. This was not necessary in any 
of our patients. 

Dr Johansen, we have not used arteriovenous fistulas in this group 
of patients, as no venous reconstructive surgical procedures were 
utilized. 
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INDICATIONS AND USAGE 

UNASYN is indicated for the treatment of imfectians due to susceptible 
Strains of the designatedmicrocrganisms in the conditions listed below 
Skin and Skin Structure Infections cawsed by beta-lactamase producing 
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strains of Staphylococcus aureus. Escherichia coli,* Klebsiella spp” 
(including K pneumoniae*). Proteus mirabilis. * Bacteroides fraguis * 
Enterobacter spp. .* and Acinetobacter calcoaceticus * 
Intra-Abdominal Infections caused by beta-lactamase producing strains of 
Escherichia coli. Klebsiella spp. (including K pneumoniae*), Bacteroides 
spp. including 8 fragilis). and Enterobacter spp * 
Gynecological Infections caused by beta-lactamase producing strains of 
Escherichia coli.* and Bacteroides spp.* (including fragilis*) 
"Efficacy for this organism in thisorgan system was studied in fewer than 10 
infections 
While UNASYN® (ampicillin sodium/sulbactam sodium) is indicated only 
for the conditions listed above. infections caused byampicillin-susceptibie 
organisms are also amenable to treatment with UNASYN due to its ampicillin 
content Therefore. mixed infections caused by ampicillin-susceptible 
Organisms and beta-lactamase producing orgamisms susceptible to 
UNASYN should not require the addition of another antibiotic 
CONTRAINDICATIONS 
Tne use of UNASYN ts contraindicated in individuals with a history of 
hypersensitivity reactions to any of the penicillins 
WARNINGS 
SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (ANAPHYLAC- 
TIC) REACTIONS HAVE BEEN REPORTED IN PATIENTS ON PENICILLIN 
THERAPY THESE REACTIONS ARE MORE APT TO OCCUR IN INDIVIDUALS 
WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR HYPER- 
SENSITIVITY REACTIONS TO MULTIPLE ALLERGENS THERE HAVE BEEN 
INDIVIDUALS WITH AHISTORY OF PENICILLIN HYPERSENSITIVITY WHO 
HAVE EXPERIENCED SEVERE REACTIONS WHEN TREATED WITH CEPHA- 
LOSPORINS BEFORE THERAPY WITH A PENICILLIN. CAREFUL INQUIRY 
SHOULD BE MADE CONCERNING PREVIOUS HYPERSENSITIVITY REAC- 
TIONS TO PENICILLINS, CEPHALOSPORINS. AND OTHER ALLERGENS IF 
“AN ALLERGIC REACTION OCCURS. UNASYN SHOULD BE DISCONTINUED 
AND THE APPROPRIATE THERAPY INSTITUTED 
SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMER- 
GENCY TREATMENT WITH EPINEPHRINE OXYGEN. INTRAVENOUS 
STEROIDS. AND AIRWAY MANAGEMENT. INCLUDING INTUBATION. 
SHOULD ALSO BE ADMINISTERED AS INDICATED 
PRECAUTIONS 
‘General: A high percentage of patients with mononucleosis who receive 
ampicillin develop a skin rash. Thus. ampicillin class antibiotics should not 
be administered to patients with mononucleosis In patients treated with 
UNASYN the possibility of superinfections with mycotic or bacterial patho- 
gens should be kept in mind during therapy |! superinfections occur 
{usually involving Pseudomonas or Candida). the crug should de discon- 
‘tinued and/or appropriate therapy instituted 
Drug interactions: Probenecid decreases the renal tubular secretion of 
ampicillin and sulbactam Concurrent use of probenecid with UNASYN may 
result in increased and prolonged blood levels of am@icillin and sulbactam 
The concurrent administration of allopurinol and ampicillin increases sub- 
‘stantially the incidence of rashes in patients receiving both drugs as 
‘compared to patients receiving ampicillin alone. Itis not known whether this 
potentiation of ampicillin rashes ıs due to allopurina! or the hyperuricemia 
present in these patients There areno data with UNASYN and allopurino! 
-adminystered concurrently. UNASYN and aminoglycosides should not be 
reconstituted together due to then wtro inactivation of aminoglycosides by 
‘the ampicillin component of UNASYN 
‘Drug/Laboratory Test Interactions: Administratiomot UNASYN will result 
in high urine concentrations of ampicillin High umne concentrations of 
ampicillin may result in false positive reactions when testing for the 
pierence af glucose in urine using Clinitest’ Benedict's Solution or 
ehlings Solution It is recommended that glucose tests based on en- 
zymatic glucose oxidase reactions (such as Clinistix’” or Testape ~) be 
used Following administration ofampicillinto pregnant women. atransient 
decrease in plasma concentration of total conjugated estriol. es- 
Thoiglucuropide. conjugated estrone. and estradiol has been noted This 
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eftect may also occur with UNASYN 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term stud- 
ies in animals have not been performed to evaluate carcinogenic or muta- 
enic potential 
regnancy 

Pregnancy Category B: Reproduction studies have been performed in mice 
rats. and rabbits at doses up to ten (10) times the human dose and have 
revealed no evidence of impaired fertility or harm to the fetus due to 
UNASYN There are. however. no adequate and well controlled studies in 
pregnant women Because animal reproduction studies are not always 
predictive of human response, this drug should be used dur.ng pregnancy 
only if clearly needed (See—Drugq/Laboratory Test Interactions ) 
Labor and Delivery: Studies in guinea pigs have shown that intravenous 
administration of ampicillin decreased the uterine tone. frequency of 
contractions. height of contractions. and duration of contractions How- 
ever itis not known whether the use of UNASYN in humans Curing labor or 
delivery has immediate or delayed adverse effects on the fetus prolongs the 
duration of labor. or increases the likelihood that forceps delivery or other 
obstetrical intervention or resuscitation of tne newborn will be necessary 
Nursing Mothers: Low concentrations of ampicillin and sulbactam are 
excreted in the milk: therefore. caution should be exercised when UNASYN 
is administered to a nursing woman 
Pediatric Use: The efficacy and safety of UNASYN have not been established 
in infants and children under the age of 12 
ADVERSE REACTIONS 
UNASYN is generally well tolerated The following adverse reactions have 
been reported 
Local Adverse Reactions 

Pain at IM injection site—16% 

Thrombophliebitis—3°> 
Systemic Adverse Reactions 
The most frequently reported adverse reactions were diarrhea in 3°o of the 
patients and rash in less than 2% of the patients 
Additional systemic reactions reported in less than 1% of the patients were 
og nausea. vomiting. Candidiasis. fatique malaise. headache chest 
pain. flatulence, abdominal distension. glossitis. urine retention dysuria 
edema. facial swelling. erythema chills. tightness in throat. substernal 
pain. epistaxts and mucosal bleeding 
Adverse Laboratory Changes 
Adverse laboratory changes without regard to drug relationship that were 
reported during clinical trials were 

(age Increased AST (SGOT). ALT (SGPT). alkaline phosphatase and 

LDH 


Pain at IV injection site —3°> 


Hematologic: Decreased hemoglobin. hematocrit RBC. WBC. neu- 

trophils, lymphocytes. platelets and increased lymphocytes. mono- 

cytes. basophils. eosinophils. and platelets 

Blood Chemistry Decreased serum albumin and total proteins 

Renal. Increased BUN and creatinine 

Urinalysis Presence of RBCs and hyaline casts in urine 
The following adverse reactions Nave been reported with ampicillin-class 
antibiotics and can also occur with UNASYN 
Gastrointestinal: Gastritis. stomatitis black hairy tongue enterocolitis 
and pseudomembranous colitis 
Hypersensitivity Reactions: Urticaria. erythema multiforme. anc an occa- 
sional case of exfoliative dermatitis have Deen reported. These reactions 
may be controlled with antihistamines and. if necessary, systemic cortico- 
Steroids Whenever such reactions occur. the drug should be discontinued 
unless the opinion of the physician dictates otherwise Serious and occa- 
sional fatal hypersensitivity (anaphylactic) reactions can occur with a 

enicillin (see WARNINGS) 

ematologic: In addition to the adverse laboratory changes listed above for 
UNASYN. agranulocytosis has been reported during therapy with pen- 
icillins All of these reactions are usually reversible on discontinuation of 
therapy and are believed to be hypersensitivity phenomena 
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Nothing comes closer to 100% activity 

against anaerobes in vitro. It’s a fact. Studies aave 

proved no other antibiotic superior to UNASYN in overall 
antianaerobic activity.’ "” Not 


“F use d t O t h in k on ly tw 0 Vee ao Not metronidazole 
things in life were certa 1 n eg And that’s nothing to overlook— 


given the importance of anaerobes m 
today’s mixed infections. 

Though clinical results may not 
always mirror those obtained in vitro, there's a world of 
confidence in choosing UNASYN for presumptive therapy of 
the mixed infections* you see every day. 
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INDICATIONS AND USAGE 

UNASYN is indicated for the treatment of infections due to susceptible 
Strains of the designated microorganisms in the conditions listed below 
Skin and Skin Structure Infections caused by beta-lactamase producing 
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strains of Staphylococcus aureus. Escherichia coli.* Klebsiella spp * 
(including K pneumoniae*), Proteus mirabilis * Bacteroides fragilis. * 
Enterobacter spp .* and Acinetobacter calcoaceticus * 
Intra-Abdominal infections caused by beta-lactamase producing strains of 
Escherichia coli. Klebsiella spp. (including K. pneumoniae*). Bacteroides 
spp. (including B fragilis), and Enterobacter spp * 
Gynecological Infections caused by beta-lactamase producing strains of 
Escherichia coli, * and Bacteroides spp * (including 8 fragilis») 
* Efficacy for this organism in this organ system was studied in fewer than 10 
infections 
While UNASYN®* (ampicillin sodium/sulbactam sodium) is indicated only 
for the conditions listed above. infections caused byampicillin-susceptibie 
organisms are also amenable to treatment with UNASYN due to its ampicillin 
content Therefore. mixed infections caused by ampicillin-susceptible 
Organisms and beta-lactamase producing organisms susceptible to 
UNASYN should not require the addition of another antibiotic 
CONTRAINDICATIONS 
The use of UNASYN ıs contraindicated in individuals with a history of 
hypersensitivity reactions to any of the penicillins 
WARNINGS 
SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (ANAPHYLAC- 
TIC) REACTIONS HAVE BEEN REPORTED IN PATIENTS ON PENICILLIN 
THERAPY THESE REACTIONS ARE MORE APT TO OCCUR IN INDIVIDUALS 
WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR HYPER- 
SENSITIVITY REACTIONS TO MULTIPLE ALLERGENS THERE HAVE BEEN 
INDIVIDUALS WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY WHO 
HAVE EXPERIENCED SEVERE REACTIONS WHEN TREATED WITH CEPHA- 
LOSPORINS. BEFORE THERAPY WITH A PENICILLIN. CAREFUL INQUIRY 
SHOULD BE MADE CONCERNING PREVIOUS HYPERSENSITIVITY REAC- 
TIONS TO PENICILLINS, CEPHALOSPORINS. AND OTHER ALLERGENS IF 
AN ALLERGIC REACTION OCCURS, UNASYN SHOULD BE DISCONTINUED 
AND THE APPROPRIATE THERAPY INSTITUTED 
“SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMER- 
GENCY TREATMENT WITH EPINEPHRINE OXYGEN. INTRAVENOUS 
“STEROIDS. AND AIRWAY MANAGEMENT. INCLUDING INTUBATION. 
“SHOULD ALSO BE ADMINISTERED AS INDICATED 
‘PRECAUTIONS 
General: A high percentage of patients with mononucleosis who receive 
ampicillin develop askin rash. Thus ampicillin class antibiotics should not 
‘be administered to patients with mononucleosis In patients treated with 
UNASYN the possibility of superinfections with mycotic or bacterial patho- 
gens should be kept in mind during therapy It superintections occur 
{usually involving Pseudomonas or Candida), the drug should be discon- 
tinued and/or appropriate therapy instituted 
‘Drug Interactions: Probenecid decreases the rena’ tubular secretion of 
ampicillin and sulbactam Concurrent use of probenecid with UNASYN may 
result in increased and prolonged blood levels of ampicillin and sulbactam. 
The concurrent administration of allopurinol and:ampicillin increases sub- 
stantially the incidence of rashes in patients receiving both drugs as 
compared to patients receiving ampicillin alone. Itis not known whether this 
potentiation of ampicillin rashes is due to allopurinol! or the hyperuricemia 
present in these patients. There are no data with UNASYN and allopurinol 
acministered concurrently, UNASYN and aminoglycosides should not be 
reconstituted together due to the sn vitro inactivation of aminoglycosides by 
the ampicillin component of UNASYN 
Drug/Laboratory Test Interactions: Administration of UNASYN will result 
in high urine concentrations of ampicillin High utne concentrations of 
ampicillin may result in false positive reactions when testing for the 
pases af glucose in urine using Clinitest’” Benedict's Solution or 
ehlings Solution It is recommended that glucose tests based on en- 
zymatic glucose Oxidase reactions (such as Clinistix™ or Testape~) be 
used Following administration of ampicillin to pregnantwomen. atransient 
decrease in plasma concentration of total conjugated estriol, es- 
triolglucuropide. Conjugated estrone, and estradiol’has been noted This 
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effect may also occur with UNASYN 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term stud- 
ies in animals have not been performed to evaluate carcinogenic or muta- 
enic potential 
regnancy 

Pregnancy Category B: Reproduction studies nave been pertormed in mice 
rats. and rabbits at doses up to ten (10) times the human dose and have 
revealed no evidence of impaired fertility or harm to the fetus due to 
UNASYN. There are. however. no adequate and well controlled studies in 
pregnant women Because animal reproduction studies are not always 
predictive of human response. this drug should be used during pregnancy 
only if clearly needed (See—Drug/Laboratory Test Interactions ) 
Labor and Delivery: Studies in guinea pigs have shown that intravenous 
administration of ampicillin decreased the uterine tone. frequency of 
contractions. height of contractions. and duration of contractions How- 
ever. itis not known whether the use of UNASYN in humans during labor or 
delivery has immediate or delayed adverse effects on the fetus. prolongs the 
duration of labor. or increases the likelihood that forceps delivery or other 
obstetrical intervention or resuscitation of the newborn will be necessary 
Nursing Mothers: Low concentrations of ampicillin and sulbactam are 
excreted in the milk: therefore. caution should be exercised when UNASYN 
ts administered to a nursing woman 
Pediatric Use: The efficacy and satety of UNASYN nave not been established 
in infants and children under the age of 12 
ADVERSE REACTIONS 
UNASYN is generally well tolerated The following adverse reactions have 
been reported 
Local Adverse Reactions 

Pain at IM injection site— 16% 

Thrombophiebitis—3%o 
Systemic Adverse Reactions 
The most frequently reported adverse reactions were diarrhea in 3°o of the 
patients and rash in less than 2% of the patients 
Additional systemic reactions reported in less than 1% of the patients were 
itching. nausea. vomiting, candidiasis. fatigue. malaise. headache. chest 
pain. flatulence, abdominal distension. glossitis, urine retention. dysuria 
edema. facial swelling, erythema. chills, tightness in throat. substernal 
pain. epistaxis and mucosal bleeding 
Adverse Laboratory Changes 
Adverse laboratory changes without regard to drug relationship that were 
reported during clinical trials were 

oe Increased AST (SGOT). ALT (SGPT). alkaline phosphatase. and 

LOH 

Hematologic’ Decreased hemoglobin. hematocrit. RBC. WBC. neu- 

trophils. lymphocytes. platelets and increased lymphocytes. mono- 

cytes. basophils, eosinophils. and platelets 

Blood Chemistry Decreased serum albumin and tota! proteins 

Renal: Increased BUN and creatinine 

Urinalysis. Presence of RBC’s and hyaline casts in urine 
The following adverse reactions have been reported with ampicillin-ciass 
antibiotics and can also occur with UNASYN 
Gastrointestinal: Gastritis. stomatitis. black “hairy tongue enterocolitis 
and pseudomembranous colitis 
Hypersensitivity Reactions: Urticaria. erythema multiforme. and an occa- 
sional case of exfoliative dermatitis have been reported These reactions 
may be controlled with antihistamines and. if necessary. systemic cortico- 
Steroids Whenever such reactions occur. the drug should be discontinued 
unless the opinion of the physician dictates otherwise Serious and occa- 
sional fatal hypersensitivity (anaphylactic) reactions can occur with a 
penicillin (see WARNINGS) 
Hematologic: In addition to the adverse laboratory changes listed above for 
UNASYN. agranulocytosis has been reported during therapy with pen- 
icillins. All of these reactions are usually reversible on discontinuation of 
therapy and are believed to be hypersensitivity phenomena 
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UNASYN spent fewer days in 
the hospital.*’*’ 
So, look to UNASYN for highly 
effective, highly affordable therapy in mixed infections* 
every day. 
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Changes in Surgical Treatment of Peptic Ulcer 


Disease Within a Veterans Hospital 
in the 1970s and the 1980s 


Donald B. McConnell, MD; Georgia C. Baba, MD; Clifford W. Deveney, MD 


è Todetermine if the surgical treatment of peptic ulcer disease 
within a Veterans Administration hospital has changed over the 
past decade, we compared two groups of patients. Group 1 
(n= 104) had surgery between 1974 and 1977 and group 2 (n=61) 
had surgery between 1984 and 1987. In group 1, 49 (47%) ulcer 
operations were performed for chronic symptoms, while in group 
2, 11 (18%) were performed for nonemergent reasons. The re- 
maining 55 (53%) patients ingroup 1 and 50 (82%) in group 2 had 
operations for complications of peptic ulcer. When expressed 
per 1000 admissions, the rates of operations for complications 
were similar (1.08 vs 1.1). The relative proportions of perforation, 
bleeding, or obstruction were similar for patients in the two 
groups, as was the American Society of Anesthesiologist's 
Physical Status rating (3.1 vs 3.2). The fitness score, a scale for 
assessing preoperative risk with 10 representing the greatest 
risk, was also similar (6.7 vs 6.8). An American Society of Anes- 
thesiologist’s Physical Status value of greater than 3 and a fit- 
ness score of greater than 6 indicate that these patients were at 
high risk with an expected operative mortality of greater than 
25%. In fact, the mortalities in groups 1 and 2 for patients having 
emergency operations for complications were 29% and 30%, 
respectively. The marked reduction in elective ulcer operations 
observed in our institution may be due to several factors, includ- 
ing better nonoperative therapy (eg, histamine receptor antago- 
nists), physician preference for nonoperative treatment of chron- 
ic ulcers, or a reduced incidence of chronic ulcer within our 
population. However, the number of emergency operations for 
complications of ulcer has remained constant. These complica- 
tions occur in poor-risk patients with concomitant illness, and 
the operative mortality for these patients is high. 

(Arch Surg. 1989;124:1164-1167) 


ospitalizations and operations for peptic ulcer disease 

(PUD) in the United States have been decreasing since 
the mid-1950s.' Many epidemiologists have interpreted this 
as a decline in the incidence of PUD.* Others argue, however, 
that the decrease at least partially reflects changing attitudes 
in disease management and not necessarily a decreasing 
trend in the incidence of PUD.** Most patients with PUD are 
not admitted to a hospital for workup or treatment as they 
were in the past. The availability of newer, more effective 
forms of medical treatment, such as histamine (H,) receptor 
antagonists, may have raised the threshold for elective sur- 
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gery in patients with “intractable” ulcer and may have even 
affected the incidence of ulcer complications. Hospitalizations 
for complications of peptic ulcer have remained relatively 
constant over the years,’” supporting the argument that the 
incidence of PUD may also be constant. 

To learn how changes in ulcer hospitalizations and surgery 
in a Veterans Administration medical center compared with 
ulcer surgery elsewhere, we reviewed operations performed 
for this disease at the Veterans Administration Medical Cen- 
ter in Portland, Ore, during a 3-year period immediately 
preceding the introduction of H, receptor antagonists (1974 to 
1977), and during a 3-year period after these drugs were 
introduced (1984 to 1987). Annual hospital admissions be- 
tween the two periods declined by 12%, but the admissions for 
PUD decreased by 39%. By comparing the incidence of ulcer 
surgery in these two groups, we hoped to determine if the 
experience within the Veterans Administration system was 
similar to that reported by others; that is, a decrease in 
elective operations for chronic peptic ulcer, but a relatively 
constant incidence of complications. ** By comparing risk fac- 
tors between the two groups, we wished to see if surgery was 
not being performed on “sicker,” higher-risk patients. 


PATIENTS AND METHODS 


The records of patients who had surgery for PUD at the Veterans 
Administration Medical Center from 1974 to 1977 (group 1) and 1984 
to 1987 (group 2) were reviewed. Patients were identified by surgical 
indication and type of operation as noted in the operative log. Factors 
abstracted on each patient included prior treatment with H, receptor 
antagonists, age, American Society of Anesthesiologist’s Physical 
Status (ASA) rating, other medications, and medical conditions. A 
preoperative fitness score was assigned to each patient as well. The 
ASA physical status and fitness scores were then used to compare 
patients in each category of operative indication in both time periods. 

ASA scores are assigned by a staff anesthesiologist. Five ASA 
categories are currently in use. ASA 1 represents a healthy patient, 
while ASA 2 represents a patient with mild systemic disease with no 
functional limitation. Both ASA 1 and 2 patients have an expected 
mortality of 0.4% or less. ASA 3 category describes a patient with 
severe systemic disease with definite functional limitation. Expected 
mortality in ASA 3 patients is 4.3%. ASA 4 patients have severe 
systemie disease that is a constant threat to life. ASA 5 patients are 
moribund and not expected to survive 24 hours with or without an 
operation. The Marx’ study predicts a mortality of 23.4% for ASA 4 
and a 50.7% mortality for ASA 5. 

The Playforth et al” preoperative fitness scale was developed to 
predict likelihood of survival after elective or emergency abdominal 
operations. This fitness score bases its point scale on easily retriev- 
able historical and laboratory data. A score of 0 or 1 has a 0.2% 
mortality; 2 or 3, 0.8% mortality; 4 or 5, 1.6% mortality; 6, 15.2% 
mortality; 7 or 8, 38.7% mortality; and 9 or 10, 55.6% mortality. 


Peptic Ulcer Disease — McConnell et al 


~~ 


= 


RESULTS 


The total number of operations for peptic ulcer decreased 
from 34 per year in group 1 to 20 per year in group 2 (P<.05), 
yet the number of operations for ulcer complications (bleed- 
ing, perforation, and obstruction) was similar in both periods. 
Using hospital admissions as a denominator, the number of 
ulcer operations performed both electively and as emergen- 
cies was expressed per 1000 hospital admissions. Total admis- 
sions with the diagnosis of PUD declined from 762 to 495, 
reflecting a decrease from 15 to 11 per 1000 admissions. The 
number of elective operations decreased from 0.96 to 0.24 per 
1000 (P<.01), while the number of operations for complica- 
tions was unchanged (1.08 vs 1.11 per 1000). Sixty-four per- 
cent of patients in group 1 and 60% of patients in group 2 had 
duodenal ulcers. Patients in group 2 were slightly older than 
patients in group 1 (64 years of age vs 59 years of age 
[P<.05]). These data are shown in Table 1. In an effort to 
determine if a sicker or older patient was presenting with 
ulcer complications in group 2 compared with group 1, we 
examined age, ASA rating, and fitness scores. There were no 
differences in the patients with bleeding or patients with 
obstruction, but the patients with perforation in group 2 were 
older and had higher ASA and fitness scores. Thus, the 
patients with perforation had become higher-risk patients. 
These comparisons are summarized in Table 2. 

In Table 3, age, ASA, and fitness scores are compared in 
survivors and nonsurvivors. Poor outcome correlated with 
higher age and higher fitness and ASA scores in every catego- 
ry except bleeding in 1974 to 1977. When fitness scores of 
survivors of bleeding in both groups were compared against 
nonsurvivors, a significant difference was found (P=.014). 
Similarly, when fitness scores of survivors of perforation in 
the two groups were compared with nonsurvivors, a signifi- 
cant difference was also found (P<.01). 

Although no mortality occurred in elective ulcer operations 
or operations for obstruction, overall mortality was 33% for 
patients with bleeding and 43% for patients with perforation. 
The majority of these patients were quite ill, and postopera- 
tive mortality correlated with the higher preoperative ASA 
and fitness scores. These results are summarized in Table 3. 

Because complications of ulcer disease might be the first 
manifestation of the disease, we examined the prevalence of 
H, receptor antagonist use in those patients who presented 
with a complication. In group 2, 85% of patients with intracta- 
ble disease and all of those patients with obstruction had been 
treated with H, receptor antagonists, but only 33% of patients 
with perforation and 22% of patients with bleeding had used 
H, receptor antagonists. These results are summarized in the 
following tabulation: 


No. of Patients Using Antagonist/ 


Complication Total No. of Patients (%) 
Bleeding 4/18 (22) 
Obstruction 10/10 (100) 
Perforation 6/18 (33) 

COMMENT 


In the United States, the number of operations performed 
for peptic ulcer has been decreasing since the mid-1950s. Ina 
study from Minnesota, elective operations for peptic ulcer 
decreased from 49 per 100 000 population from 1956 to 1960 to 
6 per 100 000 from 1981 to 1985.' There are several possible 
explanations for this decline. The overall incidence of peptic 
ulcer may be decreasing. Most epidemiologic studies confirm 
that the hospitalizations for duodenal ulcer in men are de- 
creasing substantially,’ while those for duodenal ulcer in 
women are increasing slightly.” Hospitalizations for gastric 
ulcer have remained relatively constant.’ The overall effect is 
a net decrease. However, this decrease may at least partially 
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Table 1.—Admissions and Operations for Peptic Ulcer 
Disease at the Portland (Ore) Veterans Administration 
Medical Center, 1974-1977 and 1984-1987 


1974-1977 1984-1987 


Total hospital admissions 50828 44875 


Admissions with diagnosis of 


peptic ulcer disease 762 (15)* 495t(11)* 


Operations per 1000 admissions 


For intractability 





For complications 


No. of operations 

For intractability 

For hemorrhage 

For perforation 

For obstruction 15 12 
Total Operations 104 61 


*Numbers in parentheses indicate rate per 1000 admissions. 
tP<.001. 
+P<.01. 


reflect an increasing preference for treating this disease in an 
outpatient setting. We observed a 36% decrease in hospital 
admissions for PUD between 1974 and 1984, but we eannot 
conclude whether this was due to a decreasing incidence or 
physician preference for treating peptic ulcer in an outpatient 
setting. 

In an epidemiologic study of period and generation effects 
on peptic ulcer mortality over the first 75 years of this centu- 
ry, Susser” showed that mortality of this disease began to 
wane in about 1945. Similarly, he showed that each suceessive 
generation after the turn of the century began experiencing a 
gradual decline in mortality due to PUD in England and 
Wales. This could reflect either a decrease in prevalence or 
more effective treatment. 

A random survey of office visits to physicians also demon- 
strates a decline in visits for PUD.’ It is probable, therefore, 
that some of the decrease in surgery for PUD reflects a 
decline in the incidence in the United States. 

A study from Minnesota points out that the deeline in 
operations was greatest among men with duodenal uleer, and 
less for men and women with gastric ulcers.’ Interestingly, 
this downward trend began long before the introduction of H, 
receptor antagonists in 1977. However, most reports docu- 
ment a substantial decrease in peptic ulcer surgery in the 2 
years after introduction of H, receptor antagonists.” 

The reduction in ulcer operations in most regions is great 
enough to suggest a cause-effect relationship with the intro- 
duction of H, receptor antagonists in 1977. Thus, it appears 
that H, receptor antagonists have accelerated a declining 
trend in elective peptic ulcer surgery that began a number of 
years before and may have multiple causes. Our data are 
consistent with this conclusion. 

The decreased number of elective operations for PUD could 
also be attributed to physician decision for a longer period of 
medical management, thereby making the indications for 
surgery in intractable ulcer more stringent. Trends in ulcer 
operations before and after the introduction of H, receptor 
antagonists vary between studies. Several have demon- 
strated an abrupt decrease in the number of ulcer operations 
in the years 1977 to 1979,” immediately after introduction of 
H, receptor antagonists, but this abrupt decrease soon re- 
verted to the pattern that was observed before introduction of 
these medicines.” It may be that initial enthusiasm for treat- 
ment with H, receptor antagonists abated, and that the use of 
H, receptor antagonists alone had only a small effect on the 
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Table 2.—Preoperative Risk Factors and Operative Mortality in Complications of Peptic Ulcer Disease Before and After Introduction 
of Histamine Receptor Antagonists* 


Risk Factor Mortality, 


No. of 5 ead Maes VP ROS <ypau Bok Ga E No. (%) of 
Complication Patientst Fitness Score ASA Rating Age, y Patients 


Bleeding 
Group 1 7.6+1.9 7+0.5 65+ 14.8 6 (40.0) 


Group 2 7.5+2.2 4+1. 68+9.9 5: (27.7) 
Obstruction 

Group 1 2+2. .3+0. 59+12.7 o (0.0) 

Group 2 4.8+2. 4+0. 58+ 13.0 0 (0.0) 
Perforation 

Group 1 5.6+3.0 53+ 16.8 4 (33.3) 

Group 2 7.5+2.1f 69+ 11.4t 9 (50.0) 


*Values are mean + SD. ASA indicates American Society of Anesthesiologist’s Physica! Status. 
tTotal excludes patients unavailable for follow-up. 












+tP<.05. 
§P=.07. 
Table 3.—Comparison of Risk Factors in Complications of Peptic Ulcer Disease in Survivors vs Nonsurvivors* 
Risk Factor 
No. of 
Complicationt Dates Patients Fitness Score ASA Rating Age, y 
Bleeding 





Survivors 























1974-1977 
1984-1987 


9 


7.2+1.98 
&9 +2.05 





3.5+0.52 
2.8+0.75 








66.5 +14.7 
65.1+8.8 








Nonsurvivors 1974-1977 6 &3 + 1.37F 4.0 +0.00 63.8 + 14.7 
1984-1987 5 94 +0.89ł 4.0 +0.70 72.04 11:5 

Perforation 
Survivors 1974-1977 8 5.0+1.69 2.1+0.83 47.1+14.0 
1984-1987 9 6.3 + 2.06 2.8 + 0.66 66.0+11.1 
Nonsurvivors 1974-1977 4 9.5=1.00F 4.2+0.50 63.8 + 15.6 
1984-1987 9 8.7 + 1.32} 4.3+0.71 71.0+11.9 





*Values are mean+ SD. ASA indicates American Society of Anesthesiologist’s Physical Status. 
tThere was no mortality associated with obstruction or elective operation. 
Fitness scores of survivors vs nonsurvivors were significantly different with bleeding (P = .014) and perforation (P<.01). 


total number of ulcer operations. Our data demonstrate a 
significant deerease in elective operations fer peptic ulcer in 
group 2 patients, but we cannot say why this occurred. It is 
possible that chronic peptic ulcers are beingmare effectively 
managed nonsurgically, that the indications forsurgery have 
become more stringent, or that there are fewer chronic 
uncomplicated ulcers within our population. 

Another way of examining ulcer incidence anc surgery is to 
examine the incidence of operations performed for complica- 
tions of peptic ulcer. Complications such as severe hemor- 
rhage, perforation, and gastric outlet obstruction require 
surgery and soare not influenced by the treatment preference 
of the physician. We did not note a decrease in the number of 
operations for complications, but the majority of our patients 
(73%) presenting with hemorrhage or perforation had not 
been treated with H, receptor antagonists. This implies that 
complications of bleeding and perforation may be an early 
manifestation of ulcer disease in some patients, and may 
appear before medical therapy is initiated. In fact, many of 
the complications of peptic ulcer we observed occurred in 
patients who were hospitalized for other illnesses and were 
actually quite ill at the time they developed their complica- 
tion. This type of patient resembles those reported from 
another Veterans Administration hospital, and may reflect a 
unique Veterans Administration population. “Certainly, oth- 
ers report substantially lower mortalities in patients with 
complications of ulcer disease. * 
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Some authors have detected a rise in incidence of perfo- 
rated ulcer in the elderly, and correlate this with frequent use 
of nonsteroidal anti-inflammatory drugs prescribed for ar- 
thritis treatment.” Twenty-seven percent of our patients 
with perforation took either aspirin or nonsteroidal anti-in- 
flammatory drugs regularly before their ulcer complication. 

Many reports demonstrate low operative mortality among 
patients with PUD.*'™ Our data confirm that elective sur- 
gery for patients with intractable ulcers or gastric outlet 
obstruction is very safe. We had no mortality in those two 
categories. In contrast, high mortalities occurred in patients 
with bleeding and perforation. Since part of operative mortal- 
ity is related to the preoperative status of the patient at the 
time of presentation, we compared patients with regard to 
ASA rating and preoperative fitness score. Although there 
were no significant differences in the bleeding group, in the 
perforation group mean age increased from 53 years to 69 
years, and ASA and fitness scores became worse. This finding 
could merely reflect that our population is growing older. In 
both decades, we continued to see ulcer complications of 
bleeding and perforation in a high-risk group of patients with 
concomitant illness. 

The recent risk stratification by Boey and Wong" of pa- 
tients with perforated ulcer according to concomitant medical 
illness, preoperative shock, and delay of treatment for more 
than 24 hours assigns negligible mortality to no risk factors, 
4.2% mortality with one risk factor, 40% mortality with two 
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risk factors, and 86.7% mortality when all three risk factors 
exist. If applied te our group 1 and 2 patients with perfora- 
tion, one thire clearly had two or three risk factors. In con- 
trast, 14 of 30 nad a fitness score of 7 to 10 and 13 of 30 had an 
ASA class of 4 or 5. Fifteen of 18 of these patients with 
perforation were treated by closure of the perforation and 3 of 
18 were treated by an antiulcer operation. 

In this study, patients with bleeding had risk factors similar 
to patients with perforation, based on ASA and fitnessscores. 
Two thirds of patients with hemorrhage in groups 1 and 2 had 
a fitness score of 7 to 10 and 18 of 33 had ASA scores of 4 or 5. 
In the overall group, 30% of patients treated by vagotomy and 
antrectomy died, and 42% of patients treated via vagotomy 
and pyloroplasty with oversewing of the bleeding site died. 

McGuire“ has addressed the issue of high mortality in a 
Veterans Administration hospital when emergency surgery 
is performed for PUD. He attributed it more to the presence 
of concurrent disease than to old age. Our review confirms 
his assertion with higher ASA and fitness scores prevailing in 
our patients with perforation and bleeding. We find, howev- 
er, no evidence that H, receptor antagonists have shifted the 
surgery population to a higher risk group since both group 1 
and group 2 had similar ASA and fitness scores. The litera- 
ture is replete with excellent low-mortality series of patients 
treated surgically for bleeding and perforation. *™™® Few re- 
ports have assessed their outcomes stratified by age or preop- 
erative risk for surgery. Although the series of 50 patients 
with perforated ulcer reported by Graham” in 1937 had only 
one mortality, themedian age was only 45 years. 

Within the Veterans Administration health system, we can 
anticipate operating at our present rate for complications of 
PUD. These eomplications will eccur in older patients with 
concomitant illness who are at higher operative risk. Al- 
though several factors make the veteran population unique, 
there are many similarities with the general population of the 
United States. It is anticipated that the US population will 
have a greater preportion of elderly high-risk patients in the 
future, and the experience in private hospitals may begin to 
approximate ours. The challenge for the next decade will be to 
improve outecmes for elderly high-risk patients. 
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Discussion 


BRUCE E. STABILE, MD, San Diego, Calif: There have been 
significant declines in the prevalence and mortality of PUD in the 
United States over the past three decades. A major factor in this 
epidemiologic phenomenon has probably been the reduction in ciga- 
rette smoking rates for American men. In contrast, the prevalence 
and mortality rates for duodenal ulcer in American women have 
remained essentially unchanged. In an almost exclusively male veter- 
an population, Dr McConnell and coworkers have demonstrated a 
one-third decrease in the total admissions and operations for PUD 
from the mid-1970s to the mid-1980s. At the San Diego Veterans 
Administration Medical Center we have experienced a greater than 
50% decline in total operations for PUD over the past 15 years. 

While the H, receptor antagonists have often erroneously been 
given credit for the decreasing prevalence of ulcer disease, Dr 
McConnell and colleagues have appropriately emphasized that these 
drugs have only accelerated an already established trend of declining 
elective surgery for peptic ulcer while emergent and urgent surgery 
for complications has not been appreciably affected. The challenge at 
present is to identify patients at risk for perforation and hemmorhage 
in the hope that improved medical treatment might prevent the 
mortality and morbidity of these complications. Have the authors 
been able to define specific risk factors that correlate with the devel- 
opment of acute hemorrhage or perforation? A review of peptic ulcer 
surgery over the past 6 years at our Veterans Administration medical 
center indicates that only approximately 10% of patients are undergo- 
ing surgery electively for intractable pain, while over half are under- 
going surgery emergently for acute hemorrhage or perforation. No- 
tably, we have found a statistically significant association between 
perforation and the use of aspirin and nonsteroidal anti-inflammatory 
drugs in patients undergoing operation for peptic ulcer. Almest two 
thirds of patients undergoing surgery for perforation had beentaking 
these drugs. We have been particularly concerned about this group of 
patients since their ulcers have often been asymptomatic before 
perforation, and they have been twice as often without medical 
therapy compared with other patients undergoing surgery for peptic 
ulcer. 

Several studies from the United States and Great Britain have 
suggested an important association between the use of nonsteroidal 
anti-inflammatory drugs and the development of life-threatening 
ulcer complications in previously asymptomatic patients. Unfortu- 
nately, it is probable that these medications not only induce gastrodu- 
odenal ulcers but also mask their symptoms. Fully 25% of all patients 
taking nonsteroidal anti-inflammatory drugs will have ulcers found 
when undergoing endoscopic examination. Have the authors ob- 
served a particularly high rate of acute complications in previously 
asymptomatic patients who were taking these drugs, and do they feel 
ulcer prophylaxis is indicated in patients prescribed such drugs with 
or without a prior history of peptic ulcer? Do they discontinueaspirin 
or nonsteroidal drugs in patients who are dependent on them and who 
have developed uncomplicated peptic ulcer? 

DR MCCONNELL: In our complication group, almost a third of the 
patients were taking either aspirin or nonsteroidal anti-inflammatory 
drugs. Thus, in our experience nonsteroidal anti-inflammatory drugs 
are associated with ulcers. 

In our hemorrhage and perforation group, particularly perfora- 
tion, a high percentage of patients were hospitalized for another 
condition and developed their ulcer complication while in the inten- 
sive care unit. Aspirin therapy and nonsteroidal anti-inflammatory 
drugs should be discontinued in the setting of critical illness and 
prophylactic antacids, codeine agents, or H, receptor antagonists 
used. In the patient with uncomplicated ulcer who is dependent on 
barrier breakers, we recommend temporary elimination or dose re- 
duction of the offending agent until the ulcer has healed. New prosta- 
glandin analogs may be of value in preventing this situation. 
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Long-term Results With Primary 


Retroperitoneal Tumors 


C. Wright Pinson, MD; Stephen G. ReMine, MD; William S. Fletcher, MD; John W. Braasch, MD 


èe Primary retroperitoneal tumors represent a variety of le- 
sions, with differenttreatments and prognoses. Of 182 patients in 
our study, retroperitoneal tumor was recognized preoperatively 
in only 39% of them. Sarcomas were most common (43% of 
patients), followed by lymphomas (23%), benign tumors (11%), 
undifferentiated malignant tumors (11%), carcinomas (8%), and 
germ cell tumors (4%). In 81 patients since 1960, the resection 
rate was 50%. Operative determinants of resectability were 
pathologic category and grade and extent of tumor. Resection 
included segments of the gastrointestinal tract (30% of the pa- 
tients), kidney (25%), and pancreas, bladder, spleen, aorta, and 
vena cava (for each, 5% or less of the patients). The operative 
mortality was 6%. Tumor caused late death in 95% of the patients. 
Pathologic findings were a significant determinant of survival in 
the 81 patients. For sarcomas, 69% of the patients underwent 
resection, and the 1- and 5-year actuarial survival rates were 80% 
and 43%, respectively. Sixty percent of these patients underwent 
multiple operations. For lymphomas, most patients were treated 
with radiotherapy and chemotherapy; the 1- and 5-year survival 
rates were 67% and 35%, respectively. Benign tumors, almost all 
resected, yielded a 5-year survival rate of 100%. Undifferentiated 
tumors and carcinomas, most treated with radiotherapy and 
chemotherapy, had a 1-year survival rate of less than 33%. Other 
determinants of survival were age, weight loss, grade of tumor, 
and extent of tumor. Patients who underwent palliative resection 
had the same survival rate as patients who underwent biopsy 
alone. Complete surgical resection, if possible, is associated 
with the best survival rates for primary retroperitoneal tumors, 
and palliative resection is beneficial only to relieve symptoms. 

(Arch Surg. 1989;124:1168-1 173) 


hen exploring a retroperitoneal mass, the surgeon may 

encounter any one of many histologic types, since a 
variety of mesenchymal tissues give rise to benign and malig- 
nant tumors in the retroperitoneum. Primary retroperitoneal 
tumors account for less than 0.5% of all malignant neo- 
plasms.'* Because of the size and location of the potential 
retroperitoneal space, these tumors enjoy unrestricted 
growth for relatively long periods. 


PATIENTS AND METHODS 


One hundred eighty-two consecutive patients with primary retro- 
peritoneal tumors treated at the Lahey Clinic Medical Center, Bur- 
lington, Mass, from 1930 through 1986 were identified. Patients were 
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excluded from the study if their medical records revealed any histo- 
logic origin of tumor besides retroperitoneal lymphatic and connec- 
tive tissue, although in many cases, these other tissues were invaded 
by tumor. 

Patients were monitored by office visits and direct telephone con- 
tact. Follow-up was complete on 92% of all patients and 100% of the 
patients receiving care since 1960. The median follow-up period was 
1.1 years. The mean+SEM follow-up period was 3.5+5.6 years. 
Some of the statistical analysis focused on patients since 1960 because 
of the accuracy of pathologic classification and the completeness of the 
data. A previous report focused on patients prior to 1960.’ Contingen- 
cy tables were analyzed by x“ test with Miettinen’s modification or 
Fisher's Exact Test on discrete variables and analysis of variance on 
continuous variable comparisons. Kaplan-Meier product analysis was 
used to calculate survival distributions. Significance of differences 
between survival distributions was determined by log rank analysis. 
Unless otherwise stated, survival data are expressed as mean+ 
SEM. 


RESULTS 
Clinical Findings 


The median age of patients was 57 years (range, 24 to 86 
years). Ninety-nine (54%) of the patients were men. As shown 
below, pain was the most common presenting feature, located 
most often in the abdomen, then the back, and least often 
radiating into the lower extremities: 


% of Patients 
Presenting Features (N = 182) 

Abdominal pain 69 
Back pain 30 
Leg pain 15 
Weight loss 55 
Loss of appetite 44 
Increase in 

abdominal girth 35 
Nausea, vomiting 27 
Constipation 19 
Fever 12 
Diarrhea 10 
Urinary symptoms 10 


The median time from the onset of symptoms until treat- 
ment was 5 months. Twenty percent of the patients presented 
with symptoms of 1 month’s or less duration, 23% presented 
with symptoms of 2to3 months’ duration, 13% presented with 
symptoms of 4 to 5 months’ duration, 28% presented with 
symptoms of 6 to 12 months’ duration, and 16% presented 
with symptoms lasting longer than 1 year. 

Abdominal or flank mass was found in 81% of the 182 
patients. Pelvic mass was noted in 24% of the patients. Mass 
appreciated on a rectal examination alone was present in only 
6% of the patients. Edema of the lower extremities was noted 
in 14% of the patients. 
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Computed tomographic (CT) scanning and ultrasono- 
graphy were the most sensitive imaging studies, with abnor- 
mal findings occurring in 89% and 84% of the patients, respec- 
tively. Arteriogram and intravenous pyelography results 
were abnormal in 68% and 66% of the patients, respectively, 
who underwent the procedures. The sensitivity of upper- and 
lower-barium gastrointestinal studies was 51% and 31%, re- 
spectively. Retroperitoneal tumor was diagnosed preoper- 
atively in 39% of the patients. 

Table 1 lists the frequency of histologic tumor types. Twen- 
ty (11%) of the tumors were benign. Forty-three percent of 
the tumors were sarcomas and 23% were lymphomas. Germ 
cell tumors made up 4% of the total; three were from the 
urogenital ridge and four were primary retroperitoneal se- 
minomas. Retroperitoneal carcinomas with no known prima- 
ry tumor were found in 8% of the cases. Undifferentiated 
malignant tumors were found in 11% of the cases. 

No clinical variable, physical finding, or roentgenographic 
finding was significantly associated with any histologic cate- 
gory except weight loss. Fourteen percent of the patients 
with benign tumors lost weight, compared with 53% with 
sarcomas, 56% with undifferentiated tumors, 67% with lym- 
phomas, 75% with germ cell tumors, and 100% with carcino- 
mas (P<.05). 


Operations 


Of the 20 benign tumors, 17 (85%) were completely resected 
and 1 was incompletely resected; biopsies only were done on 2 
tumors. Of the 88 malignant tumors in patients prior to 1960, 
15 (17%) were completely resected and 15 (17%) were incom- 
pletely resected; biopsies only were done on the rest. Of the 74 
malignant tumors after 1960, 24 (83%) underwent complete 
resections and 9 (12%) underwent incomplete palliative resec- 
tions; biopsies only were done on the rest. 

Operative details are available for the 81 patients since 
1960. The median blood loss was 475 mL (range, 50 to 9000 
mL). The median blood loss from the biopsy alone was 375 
mL, whereas for resection, the blood loss was 700 mL. The 
tumor was confined to the unilateral retroperitoneum in 35% 
of the patients, but crossed the midline in 61% of the patients; 
multiple masses were found in another 4% of the patients. The 
median size of the tumor was 18 x 14 cm (range, 2 to 51 cm 
[largest dimension]). The median weight was 1220 g (range, 
42 to 9000 g). In the 45 patients whose tumors were graded, 
there was an even distribution between low- and high-grade 
malignancy. 

Clinical variables, roentgenographic findings, and opera- 
tive findings were examined as possible determinants of re- 
section in the 81 patients since 1960. Sixty-five percent of the 
patients younger than the median age of 57 years underwent 
resection, compared with 34% of the patients older than 57 
years (P=.01). Sixty-nine percent of the women underwent 
resection, compared with 37% of the men (P<.01). Seventy- 
five percent of the patients without weight loss underwent 
resection, compared with 26% of the patients with weight loss 
(P<.0005). Sixty-two percent of the patients with symptoms 
of less than the median 5 months’ duration underwent resec- 
tion, compared with 30% of the patients with symptoms of 
longer than 5 months’ duration (P=.01). All seven benign 
tumors were resected, 29 (69%) of 42 sarcomas were resected, 
and 4 (13%) of 32 of all other tumor types were resected 
(P<.0001). Twenty-five (88%) of 30 unilateral or multiple 
discrete tumors were resected, whereas only 13 (28%) of 47 
bilateral tumors were resected (P<.0001). Nineteen (86%) of 
22 low-grade tumors were resected, whereas only 3 (13%) of 
23 high-grade tumors were resected (P<.0001). 

Adequate resection often required removal of adjacent 
structures. In 40 resections since 1960, 12 patients (30%) 
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Table 1.—Pathologic Findings (n = 182) 









1930-1960 1960-1986 
1 





Benign tumors (11%) 
Germ cell 


Cysts 
Neural 





Lipoma 
Leiomyoma 
Fibroma 


jaj] ovo 


Hemangioma 


Total No. of Benign Tumors 13 


Malignant tumors 
Sarcomas (43%) 


3 
0 
0 
2 
0 
7 








Fibro 16 7 
Lipo 6 15 
Leiomyo 2 8 
Neurogenic 2 3 
Rhabdomyo 1 0 






Malignant fibrous 









histiocytoma (mesenchymal) 3 4 
Angio 0 2 
Undifferentiated 7 3 

Lymphomas (23%) 
Non-Hodgkin's 26 10 
Hodgkin's 5 0 
Germ cell (4%) 3 4 
Carcinomas (8%) 
Adeno 1 3 
Epidermoid 0 1 
Undifferentiated 5 5 
9 





11 
Total No. of Malignant Tumors 88 74 





underwent segmental resection of the gastrointestinal tract. 
Ten patients (25%) had a kidney and/or adrenal gland re- 
moved. A partial pancreatectomy, a urinary cystectomy, and 
a splenectomy were performed in 2 patients each. One patient 
underwent a resection of the aorta, which was replaced with a 
bifurcated graft. One patient underwent the removal of a 
length of the inferior vena cava, the proximal portion of the 
left renal vein, the right kidney, the duodenum, and the head 
of the pancreas. 


Early Mortality and Morbidity 


Of 182 patients, there were 11 (6%) operative deaths. There 
were 7 deaths following 93 biopsies and 4 deaths followmg 81 
resections. The cause of death was sepsis in 7 patients, myo- 
cardial infarction in 1 patient, respiratory failure in 2 patients, 
and small-bowel gangrene in 1 patient. Complications were 
not more common following resection than biopsy (Table 2). 


Adjuvant Treatment 


Prior to 1960, 40 (45%) of 88 patients with malignant tumors 
received radiation therapy. After 1960, 44 (60%) of 74 patients 
with malignant tumors received therapy that consisted of 
radiotherapy in 20 patients, chemotherapy in 15 patients, and 
a combination of radiotherapy and chemotherapy in 9 pa- 
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tients. Therapy was given to 7 (29%) of 24 patients after 
complete resection for malignant disease and to 37 (74%) of 50 
patients after incomplete resection or biopsy alone. In those 
patients receiving radiotherapy, the median dose was 32.25 
Gy (range, 16 to 65 Gy). 


Recurrence 


Histologic type (P<.0001) and type of operation (P<.05) 
were important determinants of recurrence. In the last 81 
patients, none of the 7 benign tumors recurred, whereas 65 
(88%) of 74 malignant tumors recurred. Of 24 malignant tu- 
mors that were completely resected, 19 (79%) recurred, and 
18 of these 19 were reoperated on. Of the 9 tumors undergoing 
partial resections. all recurred, and 4 (44%) of the 9 were 
reoperated on. Of the 41 patients who underwent biopsies, 37 
(90%) had disease uncontrolled by adjuvant therapy, and 3 
(8%) of these 37 patients underwent reoperations. 


Repeated Resections 


Since 1960, 25 of the 81 patients underwent at least a second 
operation. All 25 patients had a sarcoma. In 18 of these 
patients, recurrent or residual tumor was resectable. The 
median time between the first and second operation was 1.1 
years (range, 2 months to 15 years). Fifty percent of the 
patients with limited disease at the first operation underwent 
a repeated resection, compared with 17% of those with dis- 
ease across the midline (P<.005). Sixty percent of the pa- 
tients with low-grade tumor underwent resection, compared 


Table 2.—Complications Since 1960 


Resection Biopsy 
(n=40) (n=41) 
oe a RE., Ra S air 
No. of % of No. of % of 
Complica- Pa- Complica- Pa- 
tions tients tions tients 
15 


Overall 38 16 39 


deep thrombosis 1 3 1 3 


*includes infection, ascites leak, and dehiscence. 
tincludes atelectasis, effusion, and pneumonia. 
























No. of 
Operations 


Biopsy 
2 


Palliative* 


with 4% of the patients with high-grade tumor (P<.0005). 
Thetumor was resected three times in 11 patients, four times 
in 7 patients, five times in 5 patients, and seven or more times 
in 3 patients. 


Late Mortality 


One hundred twenty-four deaths were recorded. Ninety- 
five percent of the late deaths were due to tumor. One-year 
and 5-year direct calculated survival rates for all 182 patients 
were 63% and 29%, respectively (Tables 3 and 4). Disease- 
freesurvival at last follow-up was 16%. 


Determinants of Survival 


The actuarial survival curve for the 81 patients with prima- 
ry retroperitoneal tumors since 1960 predicts 1-year survival 
of 65% + 5%, 5-year survival of 37% + 6%, and 10-year surviv- 
al of 25% +6%. The median survival is 2 years. The length of 
survival did not correlate with the length of preoperative 
symptoms (R =.17). 

Several clinical variables influenced survival: age 
(P<.005), weight loss (P<.0025), fever (P<.01), and abnor- 
mal intravenous pyelography findings (P<.025). Histologic 
type was a very significant determinant of survival (P<.0005) 
(Fig 1). Patients with benign tumors had 100% long-term 
survival. Of 4 patients with primary retroperitoneal semin- 
oma, long-term survival was 71%. Of 42 patients with sarco- 
mas, the 1-year actuarial survival was 80%, the 2-year surviv- 
al was 58%, and the 5-year survival was 48%. Of 10 patients 
with lymphomas, the 1-year actuarial survival was 67%, the 2- 
year survival was 52%, and the 5-year survival was 35%. In 9 
patients with undifferentiated tumors, the 1-year actuarial 
survival was 33% and the 2-year survival was 11%. Nine 
patients with carcinomas had a 1-year actuarial survival of 
11%, and there were no survivors at 2 years. The grade 
(P<.0001), size (P<.025), and extent (P<.01) of the tumor 
significantly influenced survival. 

Of 74 patients with malignant tumors since 1960, 24 under- 
went total excision, 23 of whom had a sarcoma and 1 of whom 
had a germ cell tumor; the 1-year and 2-year survival rates 
were 96% and 78%, respectively. Nine patients undergoing 
palliative resection (6 with sarcoma, 1 with lymphoma, 1 with 
carcinoma, and 1 with undifferentiated tumor) had essentially 
the same survival as 41 patients undergoing biopsy; 42% at 1 
year and 23% at 2 years (Fig 2). 


COMMENT 
Preoperative Evaluation 


The age and sex distribution of patients in our series is 
similar to other series for all retroperitoneal tumors and 
for sarcomas, varying from 50% to 67% men.**” A series 


% of Patients 


Disease Free 
at Last F/U 


Alive at Alive at 


Curativet 1 


y 5y 
Benign 20 1 17 100 100 90 
Germ cell 7 5 1 1 43 Rew 43 





Carcinoma 15 14 1 0 33 0 0 
Undifferentiated tumors 20 18 2 0 55 5 5 


*Palliative indicates incomplete palliative resection. 
tCurative indicates complete curative resection. 
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Table 4.—D rect Calculated Results for Sarcomas 






No. of 
Operations % of Patients 
a ast 7. 
No. of Alive at Alive at Disease Free 






Group Patients Biopsy Palliative* Curativet at Last F/U 


ly Sy 
7 2 1 4 71 33 14 
3 2 1 0 0 0 0 
i 10 7 3 0 60 10 0 











Malignant fibrous histiocytoma 
(mesenchymal) 

Angio and rhabdo 

Undifferentiated 


*Palliative indicates incomplete palliative resection. 
{Curative indicates complete curative resection. 
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Benign (n=7) 

80 
$ 

2 60 
=] 
” 
aS 

40 

Lymphoma (n= 10) 
Undifferentiated (Nn = 9) 
20 
0 





No. of Years 
Fig 1.—Survival by pathologic group since 1960 (P<.0005). 


weighted toward germ cell tumors from a urologic service 
reported a younger mean age (47 years), with men predomi- 
nating (7:1).° Others confirmed that abdominal pain, weight 
loss, and increasing abdominal girth were the most common 
symptoms, and abdominal or flank mass was the most com- 
mon finding."***"* The variable and long duration of symp- 
toms has also been reported,*” and some? have found that 
there is no relation to survival. 


Roentgenographic Studies 


Although some authors” believe that only noninvasive 
tests are warranted (since biopsy and a definition of the 
extent and resectability of the tumor require laparotomy), 
ultrasonography or CT-guided fine-needle biopsy can be an 
important mode of tissue diagnosis.*"*"* Before 1970, intrave- 
nous pyelography and angiography had been the most sensi- 
tive tests. More recently, both CT scanning and ultrasono- 
graphy have been most sensitive in others’ and our 
experience.” Computed tomography is the diagnostic 
method of choice,"*”” but ultrasonography can also be ex- 
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Fig 2.— Survival by type of operation since 1960. 


tremely accurate, and it is excellent for differentiating cystic 
from solid tumors. ®” 


Pathologic Findings 


Tumors of the retroperitoneum were divided into six 
types.*™* Assignment of histologic type into subcategories can 
be difficult. ™* Electron microscopy and immunochemical tech- 
niques make these differentiations more accurate. Grade is an 
important prognostic factor,"” but it is subjective.” Eleven 
percent of the tumors in our series were benign, compared 
with 3% to 20% in other reports.**"** Complete removal of 
benign tumors is indicated. 

Forty-three percent of the tumors in our series were sarco- 
mas, compared with 35% to 50% in other series.*” Their large 
size compresses surrounding tissues, generating a pseudo- 
capsule. Infiltration along fascioaponeurotic planes far past 
the obvious gross tumor makes these tumors difficult to re- 
sect completely.” Because invasion extends beyond the 
pseudocapsule and cells shed from the primary tumor and 
migrate, local and metastatic recurrence is common. Sixty- 
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nine percent of sarcomas in our series were resected, which is 
similar to previous reports (40% to 70%).""*"" The direct 
calculated 1- and 5-year survival rates for patients with sarco- 
mas were 73% and 35%, respectively. Actuarial 1- and 5-year 
survival rates since 1960 were 80% and 43%, respectively, 
with a median survival of 45 months. Overall, others have 
reported that 5-year survival averages 30% (range, 0% to 
70%), and even among “curative” resections, only 30% to 45% 
of the patients have survived 5 years." 

Histologic findings, grade of tumor, extent of tumor, and 
completeness of resection influence survival.’°°*"**" In 
Stower and Hardeastle’s* experience, patients with liposar- 
comas had a mean survival of 14 months; patients with fibro- 
sarcomas, 9.75 months; and patients with anaplastic sarco- 
mas, 4 months. Glenn?” reported that the 5-year survival for 
patients with grade 1 tumors was 80%; for patients with grade 
2 tumors, 60% to 80%; and for patients with grade 3 tumors, 
30% to 40%. Fortner et al” reported a 5-year survival of 37% 
for patients with incompletely resected sarcomas, while for 18 
patients receiving no resection, the 5-year survival was 0%. 
Storm et al” found that following incomplete resection or 
biopsy, the median survival was 4 months, while for curative 
resection, it was more than 2 years. 

Liposarcomas, fibrosarcomas, and leiomyosarcomas pre- 
dominated, constituting 27%, 29%, and 13% of the sarcomas, 
respectively, which is similar to collective reviews of retro- 
peritoneal sarcomas.” In our series, the 5-year survival 
rates for liposarcoma, leiomyosarcoma, and fibrosarcoma 
were similar (40% to 50%). Similar survival rates have been 
reported for liposareoma and fibrosarcoma, but others have 
reported poorer survival and lower resectability for 
leiomyosarcoma. "> 

Malignant fibrous histiocytoma has received more atten- 
tion recently, and the reported incidence therefore is increas- 
ing.” The direet calculated 5-year survival was 33%. Combi- 
nation chemotherapy has been recommended." Lymphomas 
occurred in 23% of the patients, which is similar to other 
series (23% to 33%). Most lymphomas were non-Hodg- 
kin’s. The mean disease-free survival was 19 months. Of our 
41 patients with lymphomas, the 1-year and 5-year survival 
rates were 49% and 25%, respectively. 

Neoplasms of germ cell origin constituted 4% of our series, 
compared with 5% of another series.” They are subtyped into 
seminomatous and nonseminomatous, the latter consisting of 
embryonal cell carcinomas, teratomas, and mixed-element 
tumors. These can present as primary retroperitoneal tumors 
with no testicular mass identified. However, some authors 
feel that a testicular primary tumor was present at some time 
and subsequently regressed, leaving the retroperitoneal me- 
tastasis to develop and present later.*” Therefore, testicular 
ultrasonography is recommended. 

The average age of these patients in our series was 35 
years. Clinically, the diagnosis can be supported by elevation 
of a-fetoprotein or human chorionic gonadotropin. Spread of 
the tumor is via the lymphatics.* Of the seven patients with 
tumors of urogenital origin, 43% were alive after 1 year. Many 
of these tumors were quite extensive at the time of diagnosis. 
The 3-year survival for patients with seminomas with no 
evidence of recurrence has been reported at 80%, and for 
teratomas, choriocarcinomas, and mixed-element tumors, 
the 3-year survival has been reported at 62%, 26%, and 39%, 
respectively.” 

Carcinomas constituted 8% of this series, compared with 
6% of another series.” Of 15 patients with carcinomas, the 1- 
year survival was 33%. No patient survived 5 years, and no 
patient was disease free at the last follow-up. Of our patients 
who were classified as having undifferentiated tumors (20 
total), 55% were alive at 1 year and 5% were alive at 5 years. 


1172 Arch Surg—Vo! 124, October 1989 


Although overall undifferentiated tumors and carcinomas 
have a bad prognosis, long-term survival is rarely reported.“ 


Surgical Approach 


Either a long vertical incision or bilateral transverse inci- 
sion can be used to explore a retroperitoneal mass. Lateral 
positioning and thoracoabdominal or flank incisions are dis- 
couraged because they do not provide optimum access to the 
midline where dissection around vascular structures is 
critical.“*"” 

Complete resection of the tumor is associated with in- 
creased survival but obtaining wide margins is usually diffi- 
cult or impossible because of adjoining vital structures and 
the extensive, infiltrating nature of the tumor. With sarco- 
mas, removal of surrounding normal muscle, bowel, kidney, 
pancreas, spleen, and other adjacent organs is clearly indi- 
cated to.achieve complete resection.**” Resection of the sur- 
rounding organs is reported in 68% to 78% of the patients.”*”" 
This may include excision and reconstruction of the aorta and 
vena cava as well. One patient who required resection of the 
duodenum, pancreas, right kidney, vena cava, and left renal 
vein for a leiomyosarcoma was alive 5 years later, demon- 
strating the necessity and efficacy of these sacrifices at 
times.” Debulking of sarcomas may be beneficial, especially 
for low-grade malignancy.*” However, overall survival after 
a partial resection is not better than after a biopsy.” 

Biopsy should be performed with the utmost care as con- 
tamination of the field may cause diffuse peritoneal sarcoma- 
tosis. THis finding is rare without an initial biopsy.” In the 
hands ofthe experienced surgeon, resection without biopsy is 
indicated when the diagnosis is reasonably assured.” Unre- 
sectabletumors can be clipped to help plan radiotherapy. 

Operative mortality ranges from 2% to 21% for resective 
therapy,-and in recent years it has averaged 6% to 7%," 
similar to our experience. More than half the deaths in our 
series followed biopsy, and most of the operative deaths were 
due to sepsis. Complications were not more frequent follow- 
ing reseetion than biopsy in this series. Others have reported 
operative morbidity of 33%, similar to our experience.’ 


Adjuvant Therapy 


There is a need for research in chemotherapy and radio- 
therapy of retroperitoneal malignant neoplasms. Some au- 
thors feel there is value in combination radiochemotherapy.” 
On theoretical grounds and based on experience with sarco- 
mas of the extremity, radiation therapy should help in the 
local control of resectable lesions and help make other lesions 
resectabie.” Several authors have reported nonstatistically 
significant improved survival with adjuvant therapy for sar- 
comas, especially incompletely resected ones." 

For example, Cody et al and Fortner et al” demonstrated a 
5-year survival rate for patients undergoing operation and 
radiotherapy of 50% and 53%, respectively, compared with 
29% and 30%, respectively, for operation alone. In these two 
studies, 30% and 33% of those patients undergoing radiother- 
apy had no evidence of disease, whereas only 12% and 17% of 
those who had the operation alone were disease free. Howev- 
er, in the-experience of others, the benefit of radiation thera- 
py alone, of chemotherapy alone, or a combination of the two 
has not been demonstrated, although the morbidity is evi- 
dent.’”” It appears that for radiotherapy to be effective, 
relatively high doses (—40 Gy) are required." Chemotherapy 
and radietherapy in patients with lymphoma and germ cell 
tumor are quite effective.” These tumors, except when very 
limited in extent, should undergo biopsy only, allowing early 
initiatiemof therapy. In patients with carcinoma and undiffer- 
entiated tumors, the approach should be similar since some of 
these will respond for long periods. 


Primary Retroperitoneal Tumors —Pinson et al 


Recurrent Disease 


Patients who have undergone resection should be followed 
up with periodic CT scans.” Recurrence rates of 50% to 82% 
have been reported.” =" Recurrence in patients with sarco- 
mas should, in most cases, indicate the need for reopera- 


tion.“*” Seventy-two percent of our patients’ tumors were 
resectable at subsequent operations, a figure similar to that 
reported by others.’”*” The most common site of recurrence 
is in the abdomen." Long-term survival can be achieved with 
repeated resection of sarcomas in a significant number of 
patients. 
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Discussion 


JAMES E. GOODNIGHT, JR, MD, Sacramento, Calif: I agree with 
the authors that the patient is much better served if the tumor is 
completely resected. I would like to emphasize several points: (1) A 
midline incision is needed to gain access to the great vessels. (2) 
Mechanical retractors are necessary for maximal exposure. (3) Be 
prepared te exenterate the flank on either side. (4) Preoperative 
angiography, as well as CT scanning, is helpful in planning surgery. 
(5) Involvement of the great vessels does not necessarily preclude 
resection. 

Despite aggressive resection and repeated resection of malignant 
tumors in this area, long-term survival results are 10% to 15% at 10 
years. Adjuvant chemotherapy and radiation therapy are palliative 
and have net improved cure rates. Do you have 10-year survival data 
for the retroperitoneal sarcomas? Would we need to consider preop- 
erative radiation therapy with the tumor in place, pushing the small 
intestine and other organs away? Is intra-arterial chemotherapy a 
modality toexplore? Should we be resecting wider margins, including 
muscles of the flank? Have you found fine-needle aspiration biopsy to 
be useful inttreatment planning? 

DONALD L. MORTON, MD, Los Angeles, Calif: Some of our con- 
cepts in the management of retroperitoneal sarcomas might be use- 
ful. The initial attempt at resection of these tumors is often inade- 
quate and leads to spillage of tumor cells throughout the peritoneal 
cavity. Patients then have recurrent small-bowel obstructions due to 
recurrent tumor and, after resection to relieve the obstruction, they 
exhibit shorter and shorter periods between recurrences. This is due 
to the fact that sarcomas often appear to have a capsule that is 
relatively easy for the surgeon to shell out. Unfortunately, this is a 
pseudocapsule of compressed sarcoma cells, and the tumor cells left 
behind spread throughout the abdominal cavity. 

We have developed an alternative approach that involves an initial 
biopsy, preferably by needle biopsy or, secondarily, by open biopsy 
through the flank, so that the peritoneal cavity is not contaminated. 
Once the diagnosis is established, preoperative intra-arterial doxoru- 
bicin hydrechloride (Adriamycin) followed by radiation therapy is 
given in the same manner as extremity sarcomas. The surgical ap- 
proach is with the idea of doing a radical en bloc resection of the 
retroperitoneal sarcoma. I do this through a retroperitoneal thora- 
coabdominal approach very similar to the urological method of per- 
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iaortic node dissections. We first free the aorta of the tumor. Then 
everything posterior to that can be resected. If the diaphragm is 
involved, it is resected as well as the lower rib eage, as necessary. A 
polypropylene (Marlex) mesh is used to close the defect. We have 
been able to lower our local recurrence rate, and those that have 
recurred have been delayed 5 or 6 years. Death is often due to intra- 
abdominal recurrence, rather than pulmonary metastases that are so 
characteristic of sarcomas of the extremities. 

DR FLETCHER: The 10-year survival is 25% + 6%. The number of 
patients in the subgroups is too small to be meaningful at 10 years. 
The Lahey Clinic has not routinely used preoperative radiation thera- 
py. We have avoided it because of the problems associated with the 
surgery and not knowing precisely what we were dealing with. This 
series did not include preoperative chemotherapy. 

The wider margins are hard to achieve and Dr Morton’s comments 
are related to that. Frequently, one is looking at the spine itself or 
other structures that simply can’t be removed at the margin of the 
tumor. One goes to the limits of what one can do, but not being able to 
go further is, indeed, part of the problem. The fine-needle aspirate is 
very useful, particularly in those lymphomas, germ cell tumors, 
carcinomas, and so forth that do not benefit from exploratory surgery 
and partial resection, and are best treated by a combination of chemo- 
therapy and radiation therapy. 

In summary, primary retroperitoneal sarcomas are rare, as evi- 
denced by the fact that this is the largest series reported. With 
modern imaging techniques they can be expected to be seen earlier. 
At present, eomplete surgical removal is the only chance for a cure. 
The first attempt at removal is by far the most likely to succeed with 
the least damage to other vital structures. Therefore, detailed preop- 
erative workup and meticulous planning of treatment are mandatory 
for success. It is important to plan the procedure, to be able to remove 
the entire tumor and any adherent adjacent organs or structures, and 
to avoid contaminating the wound with tumor cells. 

If we can extrapolate from our experience with extremity soft- 
tissue sarcomas, multimodality therapy almost certainly will be of 
value. At this time, I almost always employ routine angiography, and 
if I can I infuse the tumor with combinations of doxorubicin hydro- 
chloride and cisplatin. Ifit is an extremely vascular tumor, I embolize 
preoperatively. Radiation therapy is useful postoperatively. 
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Local Control in Rectal Cancer 


A Clinical Review and Meta-Analysis 


Patrick Twomey, MD; Mary Burchell, MD; Dale Strawn, MD; James Guernsey, MD 


@ We reviewed the factors influencing local control of poten- 
tially curable rectal cancer in 106 patients. There was improve- 
ment in stage-adjusted local control associated with increasing 
use of adjuvant radiation therapy. A meta-analysis of the English- 
language literature through 1988 also supported the effective- 
ness of adjuvant radiation therapy in all but the lowest-risk pa- 
tients. No effect on survival was identified in either analysis, buta 
reduction of up to 40% in local recurrence rates may be achieved 
with doses of 3000 cGy or more. 

(Arch Surg. 1989;124:1174-1179) 


S urgery for rectal carcinoma is a form of local therapy, and 
local recurrence is the ultimate failure of that therapy. All 
experienced elinicians managing patients with this disease 
know the distress that pelvic or perineal recurrence causes. 
We reviewed the experience at our hospital for 25 years 
seeking correlates of improved local control and because of 
these data were motivated to perform a meta-analysis of the 
relevant literature. 


PATIENTS AND METHODS 
Clinical Review 


We retrieved records of all patients with a histological diagnosis of 
adenocarcinoma of the rectum treated at the Martinez (Calif) Veter- 
ans Administration Medical Center since 1960. In addition to patient 
charts, sources included paper and computerized tumor registry 
entries, pathology files, computerized patient treatment records, 
operative logs, and death records. Assessable patients were those 
with information on survival and local control status for at least 3 
years after definitive therapy. Other information recorded included 
stage at presentation, operation performed, pathological findings 
(size, nodal status, invasion, margin status, distance from anal 
verge), and adjuvant therapy. 

These data were analyzed to identify risk factors for local recur- 
rence. When this showed that the use of adjuvant radiation therapy 
appeared beneficial, we performed a meta-analysis of the literature 
seeking a basis for recommendations for future practice. 





Accepted for publicatien July 6, 1989. 

From the Department of Surgery, University of California-Davis, East Bay, 
and Martinez (Calif) Veterans Administration Hospital. 

Read before the 60th Annual Meeting of the Pacific Coast Surgical Associa- 
tion, Vancouver, Canada, February 22, 1989. 

Reprint requests to Department of Surgery, University of California- 
Davis, East Bay, Martinez Veterans Administration Hospital, Martinez, CA 
94553 (Dr Twomey). 


1174 Arch Surg—Vol 124, October 1989 


Method of Meta-Analysis 


Meta-analysis is a formal exercise in summarizing clinical trials in 
an attempt to make the process of drawing conclusions from the 
sometimes conflicting literature systematic and reproducible.”* It 
has thre2 main prerequisites: a complete literature search, objective 
assessment of treatment effect, and appropriate statisical analysis. 

Literature Search.—We sought to find all English-language re- 
ports of controlled trials of adjuvant radiation therapy for rectal 
cancer published through 1988. Both manual and computer-aided 
searches were performed. We used the National Library of Medi- 
cine’s Medline searching on “Rectal Carcinoma” and “Adjuvant Radi- 
ation Therapy,” as well as manual searches based on Index Medicus, 
review articles, texts, and public and private bibliographies. Exten- 
sive cross-checking was done using reference lists of recent publica- 
tions. Multiple publications of the same data were consolidated into 
one for tne purpose of statistical summary. 

Inclusion criteria for the analysis included prospective randomiza- 
tion, presentation of data on local control, and provision of radiation 
therapy as an adjuvant, ie, to improve outcome of potentially curative 
surgery, not as primary therapy or to convert “unresectable” tumors 
to “resectable.” Trials of multiple adjuvant therapies (eg, radiation 
plus chemotherapy) were included only if it was possible to extract 
surgery only and irradiation plus surgery arms. A list was kept of the 
trials analyzed and included the reasons for excluding the reports 
rejected. 

Assessment of Effect.—Using a protocol based on published 
guidelines,’ two independent reviewers analyzed the retrieved re- 
ports for suitability, quality, and treatment effect. The main outcome 
variable, local control, was assessed at 3 or 5 years (depending on 
which was reported) and expressed as an odds ratio for local recur- 
rence (odds for surgery plus irradiation/odds for surgery only).’ 
Patients;were categorized by the “intent to treat” method, ie, by the 
group to which they were originally assigned, regardless of therapy 
received Radiation dose was summarized as the midpoint of the 
range of doses actually given. When local control was reported only 
graphically, we measured the magnitude of the recurrence rate at the 
targettimes from the graph as accurately as possible. Disagreements 
among the reviewers were resolved by conference and reanalysis of 
the primary sources. 

Statistical Methods. — The appropriateness of combining studies 
was analyzed in two ways: visually by making a scatterplot of treat- 
ment effects as suggested by L’ Abbe et al’ and by performing a x” test 
for heterogeneity.’ The size of treatment effect was estimated by 
combinirg results by a log odds ratio method, which gives an estimate 
of the paoled odds ratio with its 95% confidence limits. Sensitivity 
analysis was performed by assessing the effect of other methods of 
statisticc] analysis on the final conclusions’ and by exclusion of 
studies contributing to heterogeneity. In addition, the number of 
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unreportec negative trials needed to offset the calculated effect was 
determinec by a modification’ of the method of Rosenthal.“ 


RESULTS 
Review of Clinical Material 


Data or 238 patients with rectal cancer were retrieved. Of 
these, 11) did not underge resection because of advanced 
distant disease, debility, age, or patient refusal. Of 128 pa- 
tients undergoing surgery, 112 had gross total removal of 
tumor and were considered treated with curative intent. 
Median delay between onset of symptoms and definitive ther- 
apy was 3anonths. One third had delays of 6 months or more. 
One patient died in the perioperative period, and 5 were 
unavailab:e for follow-up. 

The overall local recurrence rate in the remaining 106 
assessable patients was 19%. Univariate analysis identified 
presence of nodal metastases and involvement of perirectal 
fat as the only important pathological factors contributing to 
the risk œ recurrence (Fig 1). No apparent additional influ- 
ence was seen from tumor size, distance from the anal verge, 
patient age, or type of resection. Too few patients (5) had 
adjuvant :hemotherapy to permit analysis of this factor. 

There was a trend toward a lower risk of local recurrence in 
the most recent 10 years despite a slight worsening of the 
stage distribution in that period (Fig 2). This finding appeared 
related tc an upsurge in the use of adjuvant radiotherapy in 
the later period (Fig 3). 

Analys:s of local failure rates by stage revealed a consistent 
trend toward better local control in the groups receiving 
radiation therapy (Fig 4). About half of the radiation courses 
were given preoperatively and the remainder postoperative- 
ly. No difference was seen between these two timings. There 
was no apparent effect of irradiation on overall survial, with 
distant disease dominating the survival pattern. However, 
both in the patients undergoing curative resection who later 
experieneed recurrence and in those undergoing palliative 
resections, the duration of life spent with clinically apparent 
local disease was reduced from a mean of 15.6 to 10.9 months if 
radiotherapy had been given. 


Meta-Analysis Results 


The literature search produced 63 English-language re- 
ports coneerning adjuvant radiotherapy in rectal cancer in the 
last 25 years. Of these, 31 were eliminated because they 
reported ao new data and 18 because they reported no concur- 
rent control or comparison group. (A listing of the excluded 
references is available from the authors on request.) There 
remainedfor consideration 14 controlled trials reported from 
26 studies. These are summarized in Tables 1 and 2. Eight 
trials meeting all prerequisites for meta-analysis also pro- 
vided sufficient data on loeal control to allow pooling. The 
pooled risk ratio derived from these trials is 0.79 (95% confi- 
dence interval, 0.66 to 0.95). This means that a 21% reduction 
in odds ef local recurrence was associated with adjuvant 
radiotherapy in these trials and that the hypothesis of “no risk 
reduction’ could be rejected with P<.05. Expressed differ- 
ently, at this level of improvement one local recurrence is 
prevented for each 14 patients treated.° 

Addressing the correctness of pooling the results of these 
different trials, we found some evidence of heterogeneity 
(mixing apples and oranges). Although visual inspection of a 
proportionate risk reduction plot’ did not provide obvious 
evidence of inhomogeneity, the x” test for heterogeneity of 
odds raties was 13.1, corresponding to a P value of about .07. 
This imples that pooling all of the trials may be inappropriate. 
Consideration of factors possibly contributing to heterogene- 
ity led tc elimination of the year of study, site (Europe vs 
North America), and timing (preoperative vs postoperative) 
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Fig 1.— Relation between pathological finding and risk of local recur- 
rence in 106 patients with rectal cancer undergoing resection with 
curative intent. 
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Fig 2. — Decline in local recurrence rate in second half of review period. 
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Fig 3.—Five-year moving average of adjuvant radiation tyerapy use at 
Martinez (Calif) Veterans Administration Hospital. 


as the source. However, as shown in Fig 5, there was a 
relation between inhomogeneity and radiation dose If the 
two trials with doses of 2000 cGy or less are eliminated, the 
heterogeneity disappears and a more substantial eduction in 
risk of local recurrence is found, with up to 40% improvement 
in estimated local control evident with doses over 3000 cGy. 
Stated in another way,’ to prevent one local recurrence, it 
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would only be necessary to treat eight or nine patients at the 
higher dose level. Confining the analysis to the higher dose 
levels both increases the estimated benefit and lowers the P 
value for improved local control to less than .01. Such a dose- 
response relation is consistent with considerations of tumor 
biology and is itself further evidence in favor of a true benefit. 


Sensitivity Analysis and Trial Quality 


Other Statistical Methods. — Use of the Mantel-Haenszel 
technique’ or a method of pooling absolute risk reduction® 
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Fig 4.—Effect of perioperative radiation therapy on local recurrence 
rates. Although a decrease is seen in each stage, the small numbers in 
each subgroup do not rule in or out conventional statistical signifi- 
cance. For the combined group, however, the pooled odds ratio is 
0.34, an improvement that is unlikely to be due to chance (P<.05 by x° 
of pooled log odds ratio’). 


Table 1.—Trials Rejected From Local Control Analysis 


Reason Rejected 
No local recurrence data, poor randomization 
Not randomized 
Incomplete local recurrence data 
No local recurrence data 
No local recurrence data 
No local recurrence data 


Memorial,'' 1974 
Kiev,'? 1976 


Yale,' 1976 
Toronto, 1977 
VASOG II,'® 1986 
Essen,'* 1988 
*VASOG indicates Veterans Administration Surgical Oncology Group. 









Surgery and 
irradiation 


110/277 (39.7) 
119/272 (43.8) 










MRC, low dose” 
MRC, high dose” 


VASOG-I"® 27/93 (29.0) 
Stockholm’? 8/79 (10.1) 
EORTC” 13/86 (15.2) 
GITSG! 10/50 (20.0) 
NSABP? 30/184 (16.3) 
Danish? 8/47 (17.0) 











Table 2.— Analysis of Trials of Patients With Rectal Cancer 


Local Recurrence, No. of Patients/Total No. of Patients (%) 


Surgery Only Dose, cGy Timing 

114/275 (41.5) 500 Preoperative 
114/275 (41.5) 2000 Preoperative 
32/87 (36.8) 2250 Preoperative 
21/93 (22.6) 2500 Preoperative 
23/76 (30.3) 3450 Preoperative 
14/58 (24.1) 4400 Postoperative 
45/184 (24.5) 4650 Postoperative 


15/43 (34.9) 





yielded the same overall conclusion of benefit from radiation 
therapy as obtained by the technique reported here. Trial 
quality scores were comparatively good with a mean of 0.67 on 
a scale that runs from 0 to 1.0. Adjusting the pooled estimate 
of beneait by trial quality made little difference in the com- 
bined odds ratio. Since more recent trials tended to be of 
higher quality and to use higher doses, confining the analysis 
to trials with quality scores in the upper half increased the 
estimatad benefit. 

Unpublished Negative Studies.—The possible biasing of 
such aralyses as these by unreported negative trials is of 
great cencern.” Using published techniques modified from 
Rosenthal," we calculated that it would require eight new or 
unreported trials showing on average no benefit from adju- 
vant raciation therapy to nullify the effect estimated here. 

Survival Analyses. — Although not the main subject of this 
review, the effect of adjuvant radiation therapy on survival is 
clearly ef interest. In addition to the eight trials analyzed for 
local reeurrence, three others provided sufficient data to 
allow survival analysis.“ An identical calculation to that 
described above for local recurrence yielded no evidence for 
an improvement in odds of survival from adjuvant radiation 
therapy (odds ratio, 1.06; 95% confidence interval, 0.92 to 
1.23). Taere was no evidence of heterogeneity in the survival 
results, and no change in the conclusion if the lower dose trials 
were exzluded. 


COMMENT 


Review of our own experience showed a stage-corrected 
trend toward decreased local recurrence with adjuvant radia- 
tion therapy, resulting in about a 66% reduction in odds of 
recurrence. Since half of our patients treated received preop- 
erative ~adiation, this may be an underestimate. Many pub- 
lished tzials that have examined this question have found a 
“downstaging” by adjuvant radiation therapy” resulting 
in cases more advanced at the outset being scored as less 
advanced after irradiation and resection. Nevertheless, we 
do not consider retrospective reviews (including our own) to 
be more than suggestive, given the many possibilities for 
unaccounted for confounding factors.” 

Meta-analysis as a tool for objectively summarizing the 
conclusions of controlled trials has a 30-year history in the 
social ard behavioral sciences. Its use in biology and medicine 
is rapidly increasing as the need for decision-making concern- 
ing the place for new and expensive medical technologies 
grows.” It is now being used to influence policy making 
through consensus statements and as input to cost-benefit 
calculations. Some object to “lumping together” studies from 
differen- times and places or claim that bad studies are given 







Radiation 





Postoperative 





*MRC indicates Medical Research Council; VASOG, Veterans Administration Surgical Orcology Group; EORTC, European Organization for Research and 
Treatment of Cancer; GITSG, Gastrointestinal Tumor Study Group; and NSABP, National Surgeal Adjuvant Breast and Bowel Project. 
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Fig 5.— Pooled odds ratio reduction and heterogeneity as a function of 
typical radiation dose reported in published randomized trials of adju- 
vant irradiation in rectal cancer. The large x° test for heterogeneity 
resulting from inclusion of trials that reported the use of 2000 cGy or 
less suggests that the lower-dose trials ought not to be pooled with the 
higher-dose ones. A larger reduction in risk of local recurrence is seen 
if only the higher-dose trials are pooled, with up to a 40% decrease in 
estimated odds of local recurrence. 


equal status with good ones. Wachter* addresses these con- 
cerns in detail, pointing out that “bad studies are exposed 
more baldly when one tries to extract or compute the size of an 
effect on a comparable basis, study by study, than when one 
relies, as informal research reviewers often do, on authors’ 
own summaries of their conclusions.” Using meta-analysis 
the problem of heterogeneity can be addressed objectively, 
with the possibility that factors that influence the suitability 
of pooling study results (such as minimum dose here) can be 
identified. 

Several recent overviews dealing with adjuvant radiation 
therapy in rectal cancer are available.“”* However, some 
reviewers reach conclusions at odds with those of others 
examining the same data. We propose that a formally struc- 
tured approach, such as the one used in the present study, 
provides a more objective framework within which to resolve 
such disagreements. The analysis can be repeated by others 
and, if both have been soundly performed, should reach simi- 
lar conclusions. We have found only one other meta-analysis 
of adjuvant therapy in colorectal cancer.” This review con- 
fined itself chiefly to survival effects and used unpublished 
data for survival analysis of nearly half the radiation trials. It 
reached a similar conclusion of no demonstrated survival 
benefit that we did using published sources. It did not deal 
with the problem of local recurrence in detail as we have here. 

Another difficulty with meta-analysis is the so-called file 
drawer problem, the possibility that unreported negative 
trials exist that are filed away or are in the pipeline in suffi- 
cient numbers to neutralize the conclusions of this analysis. 
One might surmise that investigators would be unlixely to let 
data languish in a file after going to the effort and expense of 
mounting a large controlled trial, regardless of the outcome. 
However, the few empirical data that exist on this question 
provide scant reassurance.” We attempted to address this 
problem by funnel plot analysis as suggested by Begg and 
Berlin” and by seeking information on trials that were said to 
have begun but were reported in abstract form or not at all. 
The funnel plot gave no indication of a relation between 


Arch Surg—Vol 124, October 1989 





sample size and effect, consistent with the existence of few 
unreported trials, and no unreported trials were otherwise 
discovered. Such an inquiry is of necessity incomplete. New 
policies, such as registration of clinical trials when they begin 
and proposed changes in publication procedures, should help 
deal with this problem in future.” 

It is not surprising that the combination of two loca thera- 
pies, surgery and radiation, has little effect on the main cause 
of death in rectal carcinoma, distant metastases. We believe 
that the case for adjuvant radiotherapy must be made on the 
grounds of local control and that, given the great problem 
local recurrence presents, the time and costs of such adjuvant 
therapy are warranted. 

The morbidity of radiation therapy given preoperat-vely or 
postoperatively in doses up to 5000 cGy has been surprisingly 
low. In the review of our own clinical experience we encoun- 
tered no lasting difficulties unless 6000 cGy or more was given 
(always, then, for recurrent tumor). The literature supports 
this view; most authors express surprise at the absence of 
increased perioperative morbidity patients undergoing irra- 
diation.”"*"""** We were not able to distinguish any difference 
between preoperative and postoperative timing for adjuvant 
irradiation. Both appeared effective in our clinical rev ew and 
in the controlled trials analyzed. An interim report of a ran- 
domized, prospective, controlled trial comparing the zwo has 
been published” with no apparent advantage for either 
emerging after 360 patients had been entered. Sinee both 
approaches appear effective, demonstration of superiority of 
one over the other will require a large sample size. 

Two studies reporting a further benefit from the addition of 
adjuvant chemotherapy to radiation have been published,” 
and at least two more are under way. Unfortunately, the only 
trial so far reported in full (from the Gastrointestina. Tumor 
Study Group) observed 3 deaths from treatment of 96 patients 
receiving chemotherapy (1 after chemotherapy alone 2 after 
combined chemotherapy and radiotherapy).” An unptblished 
trial of sequential chemotherapy and radiotherapy is said to 
show no advantage of combination therapy.” Hence, a conclu- 
sion about combination adjuvant therapy in rectal cancer 
awaits further study. 

In summary, based on review of our clinical data and of a 
structured analysis of the available literature, we conclude 
that perioperative adjuvant radiation therapy is bene“icial for 
patients with deeply invasive or node-positive carcinoma of 
the rectum and that when it is given, doses of a leas: 2000 cGy 
should be used. 
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Discussion 


JOSEPH A. IGNATIUS, MD, Los Altos, Calif: There is now such an 
abundance of literature confirming the value of adjuvant radiothera- 
py on local control of rectal cancer that even the most skeptical person 
should be convinced. Early confusion about the value of adjuvant 
radiotherapy arose when survival benefit did not occur. However, 
evidence of local eontrol benefit has always been present in the major 
prospective trials as long as sufficient radiation was used. Local 
control is clearly a dose-related issue; sufficiency is at least a mini- 
mum threshold level of 3500 cGy. The authors stratified the trials 
according to dose to illustrate this relationship, but the Veterans 
Administration Surgical Oncology Group I and Stockholm trials ap- 
pear to contradict this. That is, both appear to be lew-dose studies 
with benefit. The Veterans Administration study initially reported 
local control and survival benefit, but a later analysis failed to confirm 
this, attributed to a greater number of Duke’s C tumors in the control 
arm than could be explained by any possible down-staging effect of 
irradiation. Thus, the Veterans Administration and the Medical Re- 
search Council trials are both examples of low-dose studies showing 
no reliable benefit. The Stockholm trial, however, is another matter. 
Although it appears at first glance to be a low dose, the 2500 cGy was 
given over the typical time frame. The biological effect of irradiation 
is a function not just of total dose, but also fraction size and duration of 
treatment. There is a precise table that equilibrates this interrela- 
tionship and permits assignment of a numerical value that allows 
comparison of different treatment schedules. When the trials are 
stratified this way, a dose-related symmetry is restored to include 
low-dose trials showing no benefit and high-dose trials showing sig- 
nificant benefit. 

Current studies of adjuvant radiotherapy concern optimal delivery 
mode, optimal dose, agents that sensitize tumor cells to greater 
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radiologic kill, and the potentially promising area of combination with 
long-term chemotherapy. An example is the ongoing Mayo Clinic trial 
of postoperative adjuvant radiotherapy plus fluorouracil and lomus- 
tine, which, in an interim report at 3.5 years, has shown a dramatic 
extension of disease-free survival over a control arm of adjuvant 
radiotherapy alone. 

Much wider use of adjuvant radiotherapy in clinical practice is 
indicated. In this regard it is curious that on the one hand we have 
completely accepted the use of adjuvant radiotherapy in the conser- 
vative surgical treatment of breast cancer to prevent the 30% local 
failure rate that would otherwise occur, but in rectal cancer with its 
equally high or higher local failure we have taken a much more 
permissive attitude. This no longer seems a defensible position. 

An elusive aspect of local recurrence about which little is written is 
the so-called surgeon-related variable. In one study, rates among 
participating surgeons in a large trial varied from under 5% to over 
20%. These differences remained significant after stratification for 
Duke's class. No specific reason could be identified, but the authors 
felt that “attention to detail” and “technical expertise” were probably 
responsible. Certainly all surgeons should critically examine their 
own data and closely review all aspects of their operations: degree of 
tumor manipulation, extent of mesorectal, distal and lateral resec- 
tion—measures to minimize the risk of pelvic seeding —and whether 
use of the end-to-end anastomosis (EEA) stapler is unduly influenc- 
ing choice of operation best suited to low-lying cancer. 

R. EDWARD ROBINS, MD, Vancouver, Canada: In British Colum- 
bia, we have a single radiation agency for the whole province, and 
therefore treatment is given to patients of a great number of surgeons 
throughout the province. 

A few years ago, we undertook a controlled trial with three arms. 
We only included in this trial patients with rectal cancer who had 
positive nodes or with extension into the perirectal tissue that appar- 
ently had been completely excised. We excluded cases where gross 
tumor had been left. Patients were referred after abdominoperineal 
resection or anterior resection. One arm received no adjuvant treat- 
ment, ene arm received postoperative irradiation, and the third 
received postoperative irradiation plus fluorouracil therapy. 

After a time it became apparent it would be unethical to continue on 
with the no radiation arm because we proved that there was good local 
control in the pelvis with irradiation and it then became apparent that 
fluorouracil did not add to the control. We now have a policy of 
postoperative radiation to the pelvis of 4000 cGy given in 15 treat- 
ments over 21 days. 

Some patients develop enough reaction of proctitis, perineal burn- 
ing, etc, that treatment has to be discontinued for a time, but the 
majority tolerate it well. We do believe that treatment should be 
undertaken within 6 weeks of surgery. We did a study showing an 
apparent increase in local recurrence with the EEA-stapled anasto- 
mosis, and | believe surgeons are not doing as good a pelvic clean-out 
as they would with abdominoperineal resection. If this method of 
treatment of low rectal cancers is going to increase, there will be an 
even greater place for postoperative adjuvant radiotherapy. We have 
good coeperation of surgeons referring patients for adjuvant irradia- 
tion postoperatively when the pathological stage is known. I would 
not expect the same cooperation with preoperative irradiation to only 
clinically staged disease. 

THEODORE R. SCHROCK, MD, San Francisco, Calif: I would like to 
comment about the importance of surgical technique. Pelvic recur- 
rence is a consequence of tumor biology, staging at the time of 
treatment, and surgical technique. Bill Heald in Basingstoke, United 
Kingdom, has shown that by completely excising the pararectal and 
mesorectal tissues, including the mesorectum distal to the tumor, he 
can achieve a pelvic recurrence rate of less than 5% after anterior 
resection. 

It is not the fault of stapling devices when pelvic recurrence rates 
are unacceptably high; rather, inadequate pelvic dissection is at fault. 
If the surgeon “cones” in on the rectal wall and leaves node-bearing 
tissue behind, recurrence is more likely. Although radiation therapy 
probably has a role in controlling tumor in the pelvis, surgeons must 
emphasize complete nodal excision. I am curious whether improved 
surgical technique contributed to improved results at your institution 
in recent years. 

WILLIAMS, FLETCHER, MD, Portland, Ore: We have used preop- 
erative radiation therapy since 1961 on almost all rectal cancers. 
From the period of 1960 to 1971 we gave all consecutive patients 
radiation therapy. Because our radiation therapist, Clifford Allen, 
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MD, said he would not participate unless he could give a potential 
tumorcidal dose, he gave 5000 cGy to each patient via a 10 x 10-cm 
port. When it was found that that was well tolerated, the dose was 
increased to 5500 and even 6000 cGy. 

If we operated from 4 to 6 weeks later, we had little diffieulty. In 
fact, it was perhaps easier than without irradiation. In comparison 
with the previous 10 years, we had a lower complication rate, and in 
patients who initially had a resectable tumor that was then resected, 
we had no local recurrences. That experience continues to this time. 
The salient features are that (1) it has to be preoperative when you 
have an adequate blood supply to the tumor, and (2) you can use a 
small field that avoids the complications of the postoperative radia- 
tion therapy, such as small-bowel stenosis and fistulas. 

I think this question is answered, but it remains to be answered in 
such a way that it is going to be acceptable by the surgical public. The 
only way to do that is with a carefully controlled clinical trial, and 
there never has been one at an adequate dose of preoperative radia- 
tion therapy. 

THOMAS R. RUSSELL, MD, San Francisco, Calif: Today, sphincter- 
saving procedures offer comparable results when properly selected 
and performed. Abdominoperineal resection is no longer the only way 
to do it. It is certainly a standard that is used, and I agree about the 
importance of all surgeons who operate in this area to know what their 
specific recurrence rates are. 

How do the authors stage rectal cancer in patients before making a 
decision about giving irradiation? Obviously, you don’t need to irradi- 
ate Duke's A lesions. Have you used intrarectal sonography or com- 
puted tomography? When should radiation be delivered—preoper- 
atively or postoperatively? 

JOHN R. BENFIELD, MD, Sacramento, Calif: I agree with the 
authors that when people die of local recurrence of rectal cancer, it is a 
miserable death, and there is very little that one can do to provide 
palliation. Anything we can do at low risk to prevent local recurrence 
is therefore worthwhile. 

I believe there may in fact be excessive use of adjuvant treatment 
for other cancers. If you look at two other very common cancers, 
namely, breast carcinoma and lung cancer, there is no controlled 
evidence, to my knowledge, that the use of adjuvant radiotherapy 
changes the ultimate survival outcome. Therefore, I think that there 
is generally no indication for using radiation therapy simply because 
the nodes are positive. The indication for using adjuvant radiothera- 
py is for local control as Dr Twomey has pointed out, and this pertains 
particularly to rectal cancer. In the management of breast cancer and 
lung cancer, I believe prophylactic, adjuvant radiotherapy should 
usually not be recommended, except in instances of incomplete 
excision. 

DR TWOMEY: In some circles there still is a debate about adjuvant 
irradiation, and when we looked at this question in the first place, it 
was hotly debated at our hospital. We still have not reached 100% use 
of this approach in our own patients and some of my colleagues remain 
unpersuaded. There are people who do not provide adjuvant radio- 
therapy routinely in all of their patients who have deeply invasive or 
node-positive rectal carcinoma. A recent meta-analysis of adjuvant 
therapy in colorectal carcinoma also failed to endorse its use.” How- 


ever, the focus of that study was on survival and not on local 
recurrence. 

Two randomized prospective trials are under way, again testing 
this approach. The National Surgical Adjuvant Breast and Bowel 
Project has begun a trial (R-02) that includes a nonradiation arm that 
will receive chemotherapy alone, although the efficacy of chemo- 
therapy by itself in improving local control is unproved. The Medical 
Research Council in Britain has opened another trial randomizing 
4000 cGy against 0 cGy. The local recurrence rates that we have 
observed and those reported in the literature (which are 20% to 40%) 
are so high that I am reluctant to withhold adjuvant radiation 
therapy. 

Dr Ignatius raises a question about staging and whether the first 
Veterans Administration trial should be labeled “ineffective.” The 
question about the efficacy of randomization in that trial really pivots 
on whether there is such a thing as down-staging, ie, whether radio- 
therapy shrinks rectal cancer and sterilizes nodes, making it impossi- 
ble for the pathologist to find even tumor cell ghosts where there had 
been metastases. Analyzing the reported recurrence rates in those 
patients as randomized, however, there is more than a 20% reduction 
in local recurrence even at the borderline dose of 2000 cGy to 2250 
cGy. We participated in that trial and even had a patient with no 
residual tumor in the specimen. (Note that there have been six other 
trials that also reported down-staging as against one trial that failed 
to observe it.) 

Dr Schrock emphasized the importance of technique, and it is 
conceivable that carrying those techniques today may account for 
some of the improvements we observed in the later period. Separat- 
ing improved surgical technique from the effect of radiotherapy is, of 
course, difficult in any retrospective review. 

I do not know whether preoperative is better than postoperative 
irradiation. Both were beneficial in randomized trials. There is an 
ongoing trial by Pahlman et al that, in a preliminary report” after 360 
patients, failed to show a difference between preoperative and post- 
operative radiation. Overall recurrence rates were low, around 10%. 
It will take an enormous sample size to demonstrate superierity of 
one regimen over the other. 

I use preoperative irradiation in all but the smallest tumors be- 
cause I worry about manipulating cells into the veins and into the 
lymphatics while mobilizing the tumor, even after ligation of the main 
blood supply. But there are no data to support this prejudice. If 
people feel more comfortable with postoperative irradiation and are 
doing things to protect the small bowel, such as putting omentum in 
the pelvis and perhaps a polyglycolic acid sling to keep the small bowel 
out of the radiated field, this would be an equally acceptable 
technique. 

Intrarectal ultrasound appears to be a real boon for staging and is 
probably preferable to computed tomography. We have not reviewed 
it here because it was not available during the period studied, but 
certainly it will be used in the future to stratify our patients. Finally, 
although it is certainly true that the ultimate outcome of all therapy is 
the same, that is, our patients all eventually die, we feel that produc- 
ing a comfortable and dignified existence without the difficulties of 
local recurrence should be a major goal. 
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Prior X-ray Therapy for Acne Related to Tumors of the Parotid Gland 


Susan Preston-Martin, PhD 


Findings from this population-based study in Los Angeles County, California, suggest that recently 
diagnosed tumors of the parotid gland are related to prior x-ray therapy for acne (relative risk = 2.6; 95% 


confidence interval=1.07, 6.34). Responses to interviews with 408 patients with a parotid tumor were 
compared with responses of 408 neighborhood controls. Risk increased with an increase in the number of 
acne treatments, and the relative risk for 15 or more treatments was 8.0. Clinicians who are still using this 
form of therapy, as well as those clinicians who care for patients who received this treatment, should be 
aware of this additional risk associated with its use (Arch Dermatol. 1989;125:921-924). 
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Gastrointestinal Tract Obstruction 


in the Fetus 


Jacob C. Langer, MD, FRCSC; N. Scott Adzick, MD; Roy A. Filly, MD; Mitchell S. Golbus, MD; 


Alfred A. deLorimier, MD; Michael R. Harrison, MD 


è Surgical advice is often sought when a prenatal diagnosis of 
gastrointestinal tract obstruction is made. We reviewed our ex- 
perience with 17 such cases during a 4-year period. Eight fetuses 
had complete proximal obstruction. Seven of the 8 did well after 
maternal transpert to a perinatal center and prompt neonatal 
surgery. Six fetuses had distal obstruction with dilated bowel and 
increased peristalsis. Two died after birth (1 with severe associ- 
ated anomalies and 1 with short-bowel syndrome), and the other 
4 did well. Three fetuses had a false-positive diagnosis of in utero 
meconium peritonitis. Two died and the other had no postnatal 
evidence of obstruction. Our data suggest (1) polyhydramnios 
may not be present early in gestation or with distal obstruction; 
(2) other anomalies, including a family history of cystic fibrosis, 
should be sought; (3) dilated bowel with increased peristalsis is 
diagnostic of fetal gastrointestinal tract obstruction, whereas 
intra-abdominal calcification and ascites are nonspecific find- 
ings; (4) late development of ascites in a fetus with documented 
obstruction may be an indication for early delivery; and (5) prena- 
tal diagnosis permits appropriate counseling, planned delivery, 
and prompt postnatal resuscitation and surgery with a good 
prognosis in most cases. 

(Arch Surg. 1989;124:1183-1187) 


renatal sonography is increasingly employed to evaluate 

routine and high-risk pregnancies. Many fetal anomalies, 
previously diagnosed only at birth, are now identified in 
utero. Many of these anomalies are surgically correctable, 
and the pediatric surgeon is often asked to help counsel the 
family and manage the pregnancy. 

The natural course of surgically correctable anomalies in 
the fetus is often different from that of the same lesion in the 
newborn. This is due to the “hidden mortality” arising from in 
utero or early postnatal death, which prevents many patients 
from reaching a pediatric surgical center. Examples of such 
anomalies are congenital diaphragmatic hernia,"”’ sacrococcy- 
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geal teratoma,’ and bilateral hydronephrosis.’ It is therefore 
important for the consulting surgeon to be aware of differ- 
ences in natural course and prognosis of these anomalies when 
they are recognized during fetal life. 

Obstruction of the fetal gastrointestinal tract has been 
diagnosed prenatally with increasing frequency in recent 
years.” Such pregnancies may present clinically with poly- 
hydramnios or fetal distress or may be asymptomatic and 
diagnosed on screening sonography.” To elucidate further the 
natural course and prognosis of fetal gastrointestinal tract 
obstruction, we reviewed 17 cases seen during 4 years at our 
institution. 


PATIENTS AND METHODS 


The charts of all patients undergoing prenatal sonography at the 
University of California, San Francisco, between January 1984 and 
December 1987 were reviewed. A diagnosis of gastrointestinal tract 
obstruction was made in 17 fetuses. Eight were thought to have 
esophageal (3 fetuses) or duodenal (5 fetuses) atresia, and 9 were 
thought to have distal obstruction, with or without perforation. 


Proximal Obstruction 


Details of eight fetuses with proximal obstruction are summarized 
in Table 1. Maternal age ranged from 27 to 38 years (mean, 32.7 
years), and none of the mothers had a history of abnormal pregnan- 
cies. All but one underwent sonography because of size and date 
discrepancy. In two patients first-trimester sonograms were normal, 
but all developed polyhydramnios later in pregnancy. The sonogra- 
phic findings seen in all three cases of fetuses with esophageal atresia 
were polyhydramnios, lack of a discernible stomach bubble, and, in 
one case, a dilated upper esophagus (Fig 1). The characteristic find- 
ings of polyhydramnios with a “double bubble” in the upper part of the 
abdomen were present in all cases of duodenal obstruction (Fig 2). 

Two fetuses had associated chromosomal abnormalities. The fetus 
in case 3 was stillborn at 39 menstrual weeks, and trisomy 18 was 
diagnosed at the time of delivery. Autopsy revealed esophageal 
atresia with distal tracheoesophageal fistula. 

The fetus in case 8 had trisomy 21 and duodenal obstruction diag- 
nosed by amniocentesis at 21 weeks of gestation, but the parents 
elected to continue the pregnancy. Duodenoduodenostomy was done 
at birth, and a Nissen fundoplication was required at 3 weeks of age. 
The infant was doing well at 13 months of age. 

The six infants without other anomalies all underwent standard 
surgical treatment, consisting of esophageal anastomosis with divi- 
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Table 1.—Fetuses With Proxima! Obstruction* 


Gestational 
Indication for Age at Late Associated 
Patient Sonography magnon wk Ponyedramnios Anomalies Diagnosis Outcome 


None EA/TEF 


Routine Trisomy 21 






None 
Trisomy 18 EA/TEF Stillborn 
None 








None 
None 
None Good 













*LFD indicates large for dates; EA, esophageal atresia: TEF, tracheoesophageal fistula; ard DA, duodenal atresia. 


tSonograms at 6 weeks (case 2) and 14 weeks (case 8) were normal. 





Fig 1.—Sonographicfindings of esophageal atresia, with polyhydram- 
nios (p), lack of fluid in the stomach (s), and a dilated upper esophageal 
pouch (e). Also note the trachea (t) and the heart (h). Although these 
findings are characteristic when seen, they are often not present, and 
most cases of esophageal atresia are missed on prenatal sonography. 


sion of tracheoesophageal fistula, if necessary, for esophageal atre- 
sia, and duodenoduedenostomy for duodenal atresia. All were alive 
and well at 4 to 36 months of follow-up (mean, 15.7 months). 


Distal Obstruction 


Nine fetuses were diagnosed prenatally as having distal bowel 
obstruction with or without perforation. Six of these proved postna- 
tally to have obstruction, and three were considered to have had 
false- -positive sonograms. 

The six cases of fetuses with true distal obstruction are summa- 
rized in Table 2. Case 9 has been reported previously. Maternal age 
ranged from 19 to 35 years (mean, 25.2 years). Indications for sono- 
graphy varied, and all cases of distal obstruction were diagnosed after 
30 weeks of gestation. Each fetus had dilated bowel loops demon- 
strating peristaltic activity that was subjectively increased compared 
with normal (Fig 3). In three of the six cases polyhydramnios devel- 
oped, and in one case, in which the fetus also had urinary tract 
obstruction, oligohydramnios was present. Two fetuses had intra- 
abdominal calcification and ascites. In case 9, early delivery at 33 
menstrual weeks was prompted by the development of ascites on 
serial sonograms; perforation with minimal peritoneal inflammation 
was found at laparotomy. Two fetuses had associated anomalies: one 
had multiple jejunal atresias, porencephaly, and a dead twin, all 
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Fig 2.—Typical sonographic findings of duodenal obstruction, with 
polyhydramnios and a “double bubble” consisting of fluid-filled stom- 
ach (s) and proximal duodenum (d). 


presumably due to multiple emboli (twin-twin infarction syndrome), 
and the other had a cloacal anomaly with both gastrointestinal and 
urinary tract obstruction. There were no chromosomal anomalies in 
this group. In case 9, there was a family history of cystic fibrosis. 

Postnatally, two neonates (in cases 9 and 10) clinically had meconi- 
um ileas with volvulus of the proximal bowel and perforation. In the 
infant in case 9, there was only mild peritoneal inflammation, but in 
the inant in case 10, there was severe meconium peritonitis. Both 
infants had bowel resections, and both were doing well at 9 and 29 
montfs of follow-up. The infant in case 9 had proved cystic fibrosis, 
while the infant in case 10 had an indeterminate result of a sweat 
chloride test and is being observed. 

Twe infants had multiple jejunal atresias, and both were well after 
neonatal intestinal resection and reconstruction. The infant in case 12 
had failure to thrive and a neurologic deficit due to right-sided 
porencephaly. 

The infant in case 13 was found at birth to have midgut volvulus. 
Necrctic and mummified bowel was removed on the first day of life, 
and primary anastomosis and imbrication of the proximal bowel was 
performed. Multiple attempts to gain adequate intestinal length 
surgieally were unsuccessful, and he died at 3 months of age. 

The infant in case 14 had distal intestinal obstruction associated 
with eligohydramnios and bladder distention. This infant died at birth 
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Table 2.—Fetuses With Distal Obstruction* 


Gestational 
Age at Amniotic 
Diagnosis, wk Fluid 


indication for 


Patient Sonography 


Intra-abdominal 
Calcification 


Associated 


Anomalies Diagnosis Outcome 


9 Hypertension 32 Normal Yes None MI and volvulus CF 


DFM Polyhydramnios 


12 Possible twins 3 Normal 


13 LFD 35 
14 31 


Polyhydramnios 
Oligohydramnios 





es None MI and volvulus Possible CF 


10 32 Yi 
1 LFD 32 Polyhydramnios N None Multiple JA Good 
1 N 


o 
o Porencephaly and Multiple JA Good 


dead twin 
No None 


No Cloacal and cardiac 
anomalies 


Midgut volvulus Diedt 


Cloacal Diedt 
obstruction 


*All of these fetuses had dilated bowel loops with increased peristalsis. DFM indicates decreased fetal movements; LFD, large for dates; SFD, small for dates; 


MI, meconium ileus; JA, jejunal atresia; and CF, cystic fibrosis. 
tDied at 3 months of age of inadequate bowel length. 
Died at birth ef pulmonary hypoplasia related to oligohydramnios. 


, ety 2 fie 
all 


Ys oh a x —" 


Fig 3.—Dilatec bowel loops in a fetus with distal bowel obstruction. 
Increased peristaltic activity was seen on real-time scanning. 


of pulmonary hypoplasia related to the oligohydramnios. Autopsy 
demonstrated a cloacal anomaly with obstruction of both the gastroin- 
testinal and urinary tracts. 

The three cases with false-positive sonograms are summarized in 
Table 3. All three of these fetuses had nonhepatic intra-abdominal 
calcification amd ascites suggestive of “meconium peritonizitis,” but 
none had dilated bowel loops. Two had culture-proved cytomegalovi- 
rus infection, and they died. The third was born at 38 menstrual 
weeks and did well, with no feeding difficulty. Radiologic examina- 
tion revealed only intra-abdominal calcification with no other abnor- 
malities. This child was continuing to do well at 19 months of follow- 
up, and the cause of the intra-abdominal calcification remains unclear. 


COMMENT 


The fetal gastrointestinal tract is characterized by rapid 
growth in a unique environment, and so it is not surprising 
that obstruction has a number of important consequences. 
Amniotic fluid is swallowed and absorbed by the fetus. Evi- 
dence suggests that amniotic fluid plays an important role in 
fetal nutrition” and gastrointestinal tract development.” 
Proximal obstruction interferes with normal amniotic fluid 
dynamics, resulting in polyhydramnios” and mild growth 
retardation.“ Distal obstruction may or may not result in 
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polyhydramnios, depending on how much intestinal surface is 
available to absorb swallowed amniotic fluid.” Swallowing 
starts at 16 to 17 weeks of gestation in the human,” which 
explains the lack of polyhydramnios seen in the first trimester 
in our series. Although all of our patients with proximal 
obstruction eventually developed polyhydramnios, this find- 
ing has limited usefulness as a marker because it appears late 
and is both nonspecific” and insensitive.” In particular, fetus- 
es with esophageal atresia and an associated tracheoesopha- 
geal fistula frequently do not develop polyhydramnios, pre- 
sumably because amniotic fluid enters the gastrointestinal 
tract through the fistula.” This fact, and the often normal 
appearance of the stomach in these cases, limits the sensitiv- 
ity of prenatal sonography in detecting esophageal atresia 
associated with a tracheoesophageal fistula.” 

Oligohydramnios in the presence of gastrointestinal tract 
obstruction, as in case 14, is highly unusual and should sug- 
gest the presence of a coexisting anomaly, specially urinary 
tract obstruction. 

The incidence of associated chromosomal and structural 
anomalies in infants with gastrointestinal tract obstruction 
appears to be lower than in other prenatally diagnosed surgi- 
cal conditions, such as congenital diaphragmatic hernia” and 
omphalocele.” However, there are well-known associations 
between duodenal atresia and trisomy 21 and between esoph- 
ageal atresia and other trisomies. Consequently, both fetal 
karyotyping and careful sonographic assessment are indi- 
cated when a diagnosis of proximal obstruction is made. When 
distal obstruction is evident, karyotyping is not necessary, 
unless other abnormalities are detected sonographically. A 
family history of cystic fibrosis should be sought in all eases of 
distal obstruction. A number of techniques are now being 
developed that may, in the future, allow this diagnosis to be 
made prenatally.”” 

Nonparenchymal intra-abdominal calcification is often be- 
lieved to be diagnostic of meconium peritonitis from intestinal 
obstruction with perforation.” Cystic fibrosis is the underly- 
ing cause of the obstruction in only a small proportion ef these 
cases.” We found calcification and ascites in five fetuses, but 
only two proved to have intestinal obstruction at birth. Two of 
the false-positive scans had an infectious cause, and in one the 
neonate was normal. Similar cases have been reported previ- 
ously and have been assumed to be due to in utero perfora- 
tions that healed spontaneously.“ Such healing has been 
demonstrated experimentally in the chick embryo at early 
developmental stages.” 

The sonographic features that most accurately diagnosed 
distal obstruction were dilated bowel with increased peristal- 
sis. These findings were present in each fetus with distal 
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Table 3.—Fetuses With False-Positiwe Diagnoses* 


intra-abdominal 
Calcification 


Gestational 
Indication for Age at Amniotic 
Patient Sonography Diagnosis, wk Fluid 





Polyhydramnios 


Oligohydramnios 


Normal 


Associated 
Anomalies 


Cerebral calcification, 
hydronephrosis, 
and ascites 


Ascites CMV 


Diagnosis Outcome 


Pregnancy 
terminated 


Ascites Normal Good 


*All of these fetuses had normal-caliber bowel loops. LFD indicates large for dates; SCD, small for dates; and CMV, cytomegalovirus infection. 


obstruction and in none of the false-positive scans. Other 
prenatal conditions may cause intestinal dilation, such as 
congenital chloride diarrhea syndrome, but these are net 
associated with increased peristaltic activity.” 

Prenatal diagnosis of distal colonic obstruction was estab- 
lished in only one fetus. Reports of prenatal diagnosis of 
imperforate anus or Hirschsprung’s disease are rare.™” The 
explanation for this fact is unclear but may be related to the 
relative lack of peristalsis in the fetal colon” or to an as yet 
unrecognized ability of the colon to absorb fluid secreted by 
the proximal small bowel. 

In addition to leading to early detection of associated lethal 
anomalies and appropriate genetic counseling, prenatal diag- 
nosis of gastrointestinal tract obstruction permits planned 


delivery with prompt resuscitation, fluid administration, and 
operative intervention under controlled circumstances, with 
improved neonatal outcome.“®” Although our experience is 
still limited, it appears that the development of ascites in a 
fetus with a documented bowel obstruction suggests perfora- 
tion and should lead to early delivery to prevent the complica- 
tions of severe meconium peritonitis. Finally, prenatal diag- 
nosis, when appropriately presented, psychologically pre- 
pares tae parents and promotes a more positive response to 
the stress of a sick neonate.” Involvement of the surgeon 
beginning at the time of diagnosis provides continuity of care, 
proper communication regarding natural course and out- 
come, end improved handling of both the neonate and the 
family. 
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Discussion 


DAVID TAPPER, MD, Seattle, Wash: There are several noteworthy 
points. One is the issue of polyhydramnios, or too much amniotic fluid. 
In previous publications the authors relied heavily on the identifica- 
tion of polyhydramnios as a marker for many serious illnesses and 
even as a prognostic indicator for some of the most difficult lesions to 
treat, particularly diaphragmatic hernia. 

I have learned from this presentation that polyhydramnios is not 
seen in the first trimester, and the reason that the fetus does not 
swallow until the 16th or 17th week. So the increase in this fluid due to 
intestinal obstruction is because the swallowed amniotic fluid is es- 
sentially regurgitated into the amniotic fluid. 

Distal obstruction may be more accurately diagnosed by the combi- 
nation of too much fluid and increased peristalsis. 

The treatment of these lesions, however, is the same. We need to 
counsel the parents. We need to transport them to a tertiary facility 
for delivery, and they need to be subsequently evaluated. 

We have seen individuals in whom the ultrasonographer has identi- 
fied neonatal calcifications and increased abdominal fluid, and yet the 
neonate looks absolutely healthy. We do not recommend that individ- 
uals who have intestinal calcifications be taken immediately to the 
operating room. They should be carefully observed and evaluated 
postnatally, and m a relatively small number, we may find a normal 
intestinal tract and the ability to eat and progress nicely. 

In those infants who developed ascites and received an early deliv- 
ery, the authors suggest that they have an increased risk for an early 
in utero death. Do the authors rely solely on the use of ultrasound 
findings in recommending early delivery? The use of ultrasound is 
operator dependent and is difficult in this setting. Are there other 
laboratory tests that might suggest that the fetus is in distress? Is 
there any indication for an in utero gastrointestinal tract series to 
confirm either obstruction or perforation in the fetus that has ascites? 

Would it be advantageous to aspirate amniotic fluid and to check for 
cellular debris, essentially meconium, that may have come from 
within the gastromtestinal tract? 

Is there any evidence to suggest that fetuses with known obstruc- 
tion require cesarean section, or is it safe to allow these fetuses to be 
delivered spontaneously by the vaginal route? 

MARSHALL Z. SCHWARTZ, MD, Sacramento, Calif: All too often 
when a fetus has a diagnosis of intestinal obstruction made by the 
ultrasonographer. this message is carried to the family, to the moth- 
er, either in the radiology suite or by the obstetrician. In the absence 
of a perinatal center or fetal management board where these issues 
are discussed on 2 group basis, it may well be that the message to the 
mother is cesarean section, early delivery, etc. Often there is no 
consultation from a pediatric surgeon, who may recommend thet none 
of these approaches is beneficial to the infant. 

ERIC W. FONKALSRUD, MD, Los Angeles, Calif: There are some 
interesting physielogic points and some ethical issues that perhaps 
might be brought out. When the prenatal diagnosis of intestinal 
obstruction is associated with multiple other anomalies, including 
difficult cardiac lesions, renal anomalies, etc, is there ever an indica- 
tion for early delivery? When, if ever, would the authors recommend 
cesarean section? 

If they make the diagnosis of trisomy and duodenal atresia or 
esophageal atresia, do they tell the mother that she is going to have an 
infant with Down syndrome, do they recommend abortion, do they 
bring the problem ‘to the ethics committee before delivery, or do they 
wait to make these decisions? 

We know the adverse effects of oligohydramnios on fetal lungs. 
Since the fetal kidney begins to excrete urine by the fourth to fifth 
month in utero, is the presence of urine in the amniotic fluid an 
adverse factor in polyhydramnios? Does urine in amniotic fluid ad- 
versely affect the intestine in any way? 

One of the diagnostic criteria the authors used to determine wheth- 
er the fetus had obstruction that would require surgical treatment 
was the presence of in utero peristaltic activity. How do they measure 
in utero peristaltic activity? Some reports indicate that infants with 
intestinal atresia have very little peristaltic activity distal to the 
atresia at birth. 

HAILE T. DEBAS, MD, San Francisco, Calif: When the authors 
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examine the intestine proximal to the site of obstruction, is there any 
evidence of advanced differentiation in the intestinal mucosa? I ask 
this question because of the evidence that swallowed amniotic fluid 
may have trophic effects on gastrointestinal mucosa. 

The authors have shown that fetuses heal without scarring. Is 
there a place for surgery in utero, and what is the incidence of 
recurrent small-bowel obstruction in these children? 

DR HARRISON: As far as early delivery for gastrointestinal tract 
obstruction, do we rely on ultrasound only? The answer to that is no. 
Ultrasound for fetal diagnosis is operator dependent, so yeu have to 
know your sonographer. Are there other diagnostic modalities that 
we can apply to the fetus? Fortunately, the answer to that is yes. We 
can do upper gastrointestinal tract series in fetuses. 

We simply drop a little contrast material into the amniotie fluid and 
let the fetus swallow it. The real question is: Should we do it? Does it 
really help? And the answer in most cases is no. After all, upper 
gastrointestinal series are not all that helpful after birth in sorting out 
what we are going to do with most neonates with gastreintestinal 
obstruction. It would only be useful in a case in which we are trying to 
make some clinical decisions, for example, when we neededito see the 
intestine in a fetus with diaphragmatic hernia. But, in general, we do 
not often need to do it because it does not help us very muck. 

Examination of amniotic fluid aspiration is often instructive be- 
cause of cellular material in amniotic fluid. After all, that is how we 
get DNA to make chromosomal diagnoses. But it does net help us 
much with fetal gastrointestinal obstruction. It does tell us something 
interesting about a fundamental gastrointestinal issue: Does the 
fetus defecate? The dogma is that the fetus does not excretegastroin- 
testinal contents unless he or she is stressed. Meconium staining is 
the hallmark of birth asphyxia. But in fact, the fetus is incontinent 
very early in gestation, as soon as the anus becomes perforate, some 
time in the first trimester. The fetus excretes from this incontinent 
anus until about 20 weeks, when the anal mechanism becomes conti- 
nent. We learned this bit of gastrointestinal physiology by measuring 
mucosal enzymes in amniotic fluid; they are very high before20 weeks 
and then go away. 

The fetal gastrointestinal tract problem itself is not an indication 
for cesarean section. There is no reason to do a cesarean section and 
put the mother at risk when vaginal delivery will not threaten the 
infant. But once you start talking to your obstetrical friends, you will 
realize that fetuses who have almost any in utero diagnosis are at risk 
to be born by cesarean section because of the family’s anxiety, the 
obstetrician’s anxiety, and everyone's wish to get the infant out at the 
right time in the right place. If induced labor does not werk, they 
deliver the infant by cesarean section even though it is not absolutely 
necessary from a fetal point of view. 

Is early delivery ever necessary? For many other lesions:it is, but 
for the gastrointestinal tract lesions, rarely. You could make a com- 
pelling argument for delivering early if you suspected ongeing isch- 
emic damage, as in malrotation and volvulus, but this is very difficult 
to sort out in utero. 

Chromosomal abnormalities are a terrible problem. Whenwe find a 
fetus with a correctable gastrointestinal tract problem like duodenal 
obstruction, should we do a chromosomal analysis to see if he or she 
has a trisomy? What do you tell the family and how do you kandle it? 
Individualize. If this is before 24 weeks, the family has a choice to 
terminate the pregnancy. After 24 weeks the choices are different. I 
greatly admire my obstetrical colleagues who must present these 
difficult choices to the family. 

I am not aware of any adverse effect of polyhydramnies in this 
situation with a closed belly (not an abdominal wall defect) and 
gastrointestinal tract obstruction. In this circumstance the excess 
amniotic fluid is only a consequence: the fetus cannot abserb swal- 
lowed fluid and the fluid builds up because the fetus is urinating. 

Peristalsis is assessed visually. There is no objective measurement 
of how much peristalsis, but increased activity is very striking when 
you look at the bowel in real time. 

Dr Debas is referring to a beautiful study demonstrating the 
trophic effect of amniotic fluid on the mucosa and to the remarkable 
ability of the fetus to heal without scar formation. 
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Primary Repair Without Routine Gastrostomy 


Is the Treatment of Choice for Neonates 
With Esophageal Atresia 
and Tracheoesophageal Fistula 


Donald B. Shaul, MD; Marshall Z. Schwartz, MD; Clifford C. Marr, MD; Kenneth R. T. Tyson, MD 


e Gastrostomy and staged repair are techniques frequently 
recommended for the management of esophageal atresia with 
distal tracheoesophageal fistula (EA-TEF), especially for those 
infants at high risk. We describe 42 consecutive patients with EA- 
TEF treated during the past 8 years. Staged repair and prelimi- 
nary gastrostomy were not routinely employed. Fifteen infants 
were considered to be at high risk (Waterston class C). Surgical 
treatment via an extrapleural approach consisted of fistula divi- 
sion and primary single-layer end-to-end esophageal anastomo- 
sis. Four patients required proximal esophageal circular myo- 
tomy. Four patients early in the series received a gastrostomy at 
or before definitive repair for various life-threatening indications. 
One patient had fistula division only and died before esophageal 
anastomosis was possible. Two neonates died before repair and 
another died after repair. The deaths in this series of patients 
were unrelated to EA-TEF. One patient developed a clinically 
significant anastomotic leak. Four patients required multiple di- 
latations for anastomotic stricture. Fundoplication was neces- 
sary in 3 patients with symptomatic gastroesophageal reflux. 
Our data demonstrate that excellent overall survival (90%) with 
low morbidity (15%) can be achieved using primary repair with- 
out preliminary gastrostomy in most neonates with EA-TEF. We 
believe that mortality in high-risk patients with EA-TEF is due to 
associated life-threatening anomalies. 

(Arch Surg. 1989;124:1188-1191) 


uccessful surgical management of esophageal atresia with 
distal tracheoesophageal fistula (EA-TEF) began in the 
early 1940s with Leven’ in St Paul, Minn, and Ladd’ in Bos- 
ton, Mass. Both surgeons employed the concept of gastros- 
tomy placement and staged repair. Considerable improve- 
ment during the past two decades in neonatal anesthesia, 
surgery, and the development of neonatal intensive care units 
has resulted in a steady increase in survival and a remarkable 
decrease in morbidity. However, the use of routine gastros- 
tomy placement and staged reconstruction persists.” 
Criteria for defining the “high-risk” infant were proposed 
by Waterston et al‘ in 1962 in which birth weight and associ- 
ated anomalies were used to define risk categories. It was 
recommended that infants in the high-risk category undergo a 
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staged repair. Although a greater percentage of infants now 
treated with esophageal atresia undergo primary repair, this 
is freeuently performed in conjunction with an initial gastros- 
tomy. ° In 1976, Tyson’ reported 22 cases of patients with EA- 
TEF in whom primary repair without staging or preliminary 
gastrestomy was performed. This report presents our recent 
experience with the continued use of primary repair without 
routine gastrostomy or staging. 


PATIENTS AND METHODS 


Fram October 1980 to February 1988, 51 newborns were evaluated 
for congenital tracheoesophageal abnormalities. Four patients were 
identified as having esophageal atresia without tracheoesophageal 
fistula, 4 patients had H-type tracheoesophageal fistula, and 1 patient 
had esophageal atresia with proximal and distal tracheoesophageal 
fistules. The remaining 42 patients had EA-TEF and formed the basis 
of this report. For purposes of comparison with previous patient 
series. we classified our patients according to the Waterston criteria, 
modified to exclude pulmonary infiltrate as criteria for higher risk, as 
shown below: 


Waterston’s Criteria 
A Over 2500 g birth weight and well 
BI Birthweight, 1820-2500 g and well 
Be Higher birth weight, congenital anomaly 
Cl Birth weight under 1820 g 
Cz Higher birth weight and severe congenital anomaly 


Associated anomalies seen in our patient series are shown in Table 
1. Of the 15 patients in the Waterston class C category, 13 had severe 
cardiac, gastrointestinal, or neurologic anomalies and/or VATER's 
(vertebral defects, imperforate anus, tracheoesophageal fistula, and 
radia! and renal dysplasia) association. Nine of 13 neonates in class B 
had cther congenital anomalies. The distribution of birth weights 
(rang=, 1270 to 4309 g) is shown in the Figure. It is important to note 
that B infants (55%) weighed less than 2.5 kg. 

Preoperative management consisted of intravenous fluids, contin- 
uous suction of the upper esophageal pouch, and parenteral antibiot- 
ics. Two patients died before operative treatment of their EA-TEF 
could be attempted; one infant from severe pulmonary hypoplasia 
secondary to diaphragmatic hernia, and the second patient with 
trisomy 18 and congestive failure due to congenital heart disease. 
Thirty-six of the remaining 40 infants were taken to surgery within 24 
hours of arrival. The remaining 4 patients had anomalies that were 
lifethreatening and that took priority over proceeding with EA-TEF 
repaiz. These anomalies included high tracheal stenosis, severe hy- 
drocephalus, multiple congenital anomalies, and congenital heart 
disease. In these 4 patients, EA-TEF repair was accomplished at 3, 3, 
5, ane 22 days of age. 

Geaeral anesthesia was accomplished by mask induction with mini- 
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Table 1.—Associated Anomalies in Patients With Esophageal 
Atresia/Tracheoesophageal Fistula 


Anomaly No. of Patients 


Congenital heart disease 
Ventricular septal defect 
Patent ductus arteriosus 
Dextrocardia 
Valvular stenosis 
Atrial septal defect 
Atrioventricular canal 
Truncus arteriosus 
Other 

Gastrointestinal 
Anal stenosis imperforate anus 
Duodenal atresia 
Diaphragmatic hernia/eventration 

Central nervous.system 
Hydrocephalus 
Spina bifida 

r 

Musculoskeletal 
Limb 
Vertebral 

Chromosomal 
Trisomy 18 

Syndromes 
VATER 
Treacher Collims 


O-—$-NMO RROD OD 


mal positive pressure followed by intubation and initial sportaneous 
respiration. The infants were then placed in the lateral position, and a 
limited right posterolateral thoracotomy incision was made. The 
esophagus and tracheoesophageal fistula were approached through 
the fourth intercostal space using a retropleural dissection. The 
tracheoesophageal fistula was identified and the esophagus separ- 
ated from the trachea, with the fistulous opening into the trachea 
being oversewn with interrupted nonabsorbable sutures. 

Following division of the tracheoesophageal fistula, sufficient posi- 
tive pressure was used to test the tracheal closure for an air leak. 
Once the fistula was divided, the anesthesiologist could be more 
liberal with inspiratory pressures as needed. The proximal esopha- 
gus was then identified and mobilized to allow for a tension-free 
single-layer end-te-end esophageal anastomosis. A retropleural chest 
tube was left in place and connected to a closed suction system 
(<10 cm H,O suction). No tubes were left in the esophagus postopera- 
tively. Four neonates required a circular myotomy of the proximal 
esophagus to be able to accomplish an end-to-end anastcmosis.”” 
Postoperative antibiotics and ventilatory support were continued as 
long as they were clinically indicated. Either peripheral nutrition (22 
patients) or total parenteral nutrition (8 patients) was used when 
indicated until enteral nutrition could be initiated. 


RESULTS 


Based on the Waterston classifications, the hospital stay 
averaged 11 and 15 days for patients in classes A and B, 
respectively. Survival was 100% among the neonates in class- 
es A and B. The overall survival of infants in class C was 73%, 
and the hospital stay for these survivors averaged 40 days. 
However, among the 15 neonates in class C, only 1 died who 
underwent definitive repair (92% survival). The 4 deaths in 
class C were due to associated anomalies in 3 patients and 
complications of prematurity in 1 patient. No deaths were 
related to the EA-TEF. All but 1 patient undergoing primary 
repair survived, including all 4 patients requiring proximal 
esophageal pouch circular myotomy. One patient died follow- 
ing fistula division only from respiratory distress syndrome. 
This patient was undergoing primary repair, but due to in- 
traoperative loss of airway control and hemodynamic instabil- 
ity, only fistula ligation was performed. 

Four patients in this series received a gastrostomy at or 
before definitive repair. The indications for gastrostomy 
were as follows: gastric perforation presumed to be secondary 
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Distribution of birth weights in 42 patients with esophageal atresia and 
tracheoesophageal fistula. 





Table 2.—Complications in 39 Patients Who Underwent 
Primary Repair of Esophageal Atresia With 
Tracheoesophageal Fistula 












No. of 
Patients 






Complication 


Anastomotic 
Clinically significant leak 1 






Gastrostomy, 
enteral feeding 


Continued extrapleural 
suction, total 
parenteral nutrition 







Roentgenographic leak 4 










Symptomatic stricture 6* Esophagoscopy and 
dilatation 
1 Gastrostomy, 
esophagoscopy, 






and dilatations 


Recurrent fistula 0 ay 


*Four patients required more than one dilatation. 





to high ventilatory pressure, marked prematurity with inabil- 
ity to take oral feedings, severe congenital heart disease, and 
neurologic impairment secondary to marked hydrocephalus. 

Anastomotic complications are shown in Table 2. Only one 
clinically significant anastomotic leak occurred in this series 
of patients, which was treated by gastrostomy and jejunos- 
tomy feedings. This infant eventually resumed oral intake 30 
days postoperatively. At 7 to 9 days, barium esophagograms 
were obtained in approximately 75% of the patients, depend- 
ing on the preference of the individual surgeon. 

Roentgenographic evidence of an anastomotic sinus tract 
was seen in four patients. However, none of these patients 
had clinical signs indicative of a leak. One of these patients 
required esophageal dilatation at 2 years of age for a stricture. 
The barium esophagogram revealed a stricture in one symp- 
tomatic patient who was treated with gastrostomy and dilata- 
tion at 19 days postoperatively. In six patients, dysphagia 
occurred 9 months to 5 years postoperatively. A barium 
swallow obtained in each patient revealed an anastomotic 
narrowing. All six patients underwent esophagoscopy and 
dilatation. In four of these patients, additional dilatations 
were required. 

Symptomatic gastroesophageal reflux was identified in 11 
of the 38 survivors (29%). Medical management was wnsuc- 
cessful in 3 infants who were treated with Nissen 
fundoplication. 

A good outcome was achieved in patients undergoing proxi- 
mal esophageal circular myotomy. All four of these infants 
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had low birth weight (<2.5 kg). One patient developed an 
esophageal strieture requiring dilatation and a second patient 
had both a roentgenographic leak and subsequent stricture 
requiring dilatation. Currently, all four patients are doing 
well up to 5 years postoperatively. 


COMMENT 


Among the various options for surgical correction of esoph- 
ageal atresia with tracheoesophageal fistula in newborns, the 
decision to employ primary repair or staged repair and the 
need for a gastrostomy tube remain controversial." In the 
evolution of the treatment of esophageal atresia, the concept 
of a gastrostomy as well as staged repair have played a major 
role in the improved survival.” However, in 1976, a report by 
Tyson’ challenged the need for staged repair and the use of 
routine gastrostomy when he reported excellent results in a 
group of 22 patients who underwent primary repair without 
gastrostomy. Since that time, this approach has been used by 
other centers.” “ 

The stated advantages of staged repair are that it avoids a 
longer, more risky procedure, and ligation of the tracheo- 
esophageal fistula avoids the risk of aspiration of gastric 
contents via the fistula into the tracheobronchial tree. Liga- 
tion of the tracheoesophageal fistula is usually accomplished 
by a retropleural approach. Unfortunately, one retropleural 
procedure eliminates the possibility of using a similar ap- 
proach for the definitive repair. 

With improvements in neonatal anesthesia and surgical 
techniques, we believe that the advantages of staged repair 
are considerably diminished. The ability of infants to heal 
promptly might suggest an advantage of doing a primary 
anastomosis of the esophagus in a patient in stable condition 
rather than a staged procedure, regardless of gestational age 
or weight. In the majority of infants with EA-TEF, the two 
ends of the esophagus are in close proximity. Thus, extensive 
mobilization or circular myotomy to lengthen the esophageal 
pouch are frequently not necessary. 

Because much of the dissection to accomplish a primary 
esophageal anastomosis is already undertaken when ap- 
proaching and dividing the tracheoesophageal fistula, mini- 
mal mobilization of the proximal esophageal pouch with end- 
to-end anastomosis should not add significant operating time. 
Also, this would avoid the need for a second major thoracic 
procedure, which, by necessity, must be performed trans- 
pleurally. In addition, the morbidity of an esophageal anasto- 
motic leak is minimal when the procedure is performed retro- 
pleurally and is adequately drained via a retropleural tube. 
Thus, proceeding with definitive repair would seem 
appropriate. 

Placement of a gastrostomy tube, either as the sole initial 
procedure or as part of the definitive repair, has been em- 
ployed since the very early surgical repairs of this congenital 
anomaly.'*” The most important advantage of a gastrostomy 
before and during the operative repair of the esophageal 
atresia is the ability to decompress the stomach, which poten- 
tially avoids the risk of aspiration of gastric contents and 
allows a vent for air forced through the tracheoesophageal 
fistula into the stomach during positive pressure ventilation.’ 
Another advantage of the gastrostomy is for postoperative 
enteral feeding," particularly in that group of patients who 
develop an esophageal leak or stricture and require a pro- 
longed interval before oral feedings can be initiated. Finally, 
the gastrostomy provides a means of feeding those infants 
who are undergoing staged repair. 

We believe that these reasons, although valid, are no longer 
relevant. Careful anesthetic induction, including the avoid- 
ance of moderate to high positive pressure, should allow for 
smooth intubation and avoidance of distention of the gastroin- 
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testina. tract with air and anesthetic gases. Second, the inci- 
dence ef esophageal stricture following primary repair has 
diminished considerably since the reinstitution of a single- 
layer interrupted end-to-end anastomosis. Parenteral nutri- 
tion caa be used instead of gastrostomy tube feedings as a 
source of nutrition during the time in which oral feedings are 
withhedd. Finally, a gastrostomy tube is not without compli- 
cations It requires an additional procedure, and wound infec- 
tion ard leakage of feedings are common. We believe that 
gastrostomy tube placement is indicated when early primary 
esophageal repair must be delayed, such as for other life- 
threatening anomalies or severe pulmonary compromise. 

In our series, 36 (92%) of 39 patients were felt to be candi- 
dates for primary esophageal repair without gastrostomy. In 
this group, which included patients from all three Waterston 
classes, the overall survival was 97%. This compares favor- 
ably with other reports in which gastrostomy and staged 
repair were used more liberally.*” Several recent articles 
have suggested that the Waterston classification is no longer 
appliceble given the marked improvement in the medical and 
surgical care of premature infants. Both Pohlson et al* and 
Randoh et al’ have suggested that the infant’s physiologic 
status rather than birth weight, gestational age, minor asso- 
ciated songenital anomalies, or mild to moderate roentgeno- 
graphiz pulmonary changes dictate the surgical approach. We 
strong-y concur with this recommendation. 

Based on our results as well as the results of others using 
primary repair without gastrostomy,” we feel that this is the 
treatncent of choice for most infants born with EA-TEF. 
Definitive repair without gastrostomy usually results in only 
one operative procedure, a shortened hospitalization period, 
and the elimination of complications associated with gastros- 
tomy placement. 
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Discussion 


Davip TAPPER, MD, Seattle, Wash: In 1976, Dr Tyson established 
a standard for the repair of EA-TEF. He proposed a primary repair 
based on the child’s physical condition rather than an arbitrary 
weight criteria. He suggested that gastrostomy tubes were unneces- 
sary. Since that time, many pediatric surgeons, including me, have 
followed most of his suggestions and have concluded that his initial 
recommendations were accurate. He and his colleagues have shown 
continued success. Can we now duplicate this success? Are they 
correct about the unnecessary use of gastrostomy tubes? Is this 
simple operation unnecessary? Are we willing to follow the authors’ 
advice? Their results are exemplary. Are there any negative aspects 
to the gastrostomy tube placement? 

Mr Spitz, in London, England, in a controlled prospective study, 
found that gastrostomy tube placement leads to an increase in gastro- 
esophageal reflux. The authors of this article treated 11 children with 
gastroesophageal reflux, 3 of whom required antireflux procedures. 
That is about the same incidence that most of us are seeing in 
individuals in whom we have placed the gastrostomy tube. We ques- 
tioned whether gastroesophageal reflux is the primary pathologic 
finding in the esophagus or the alteration in the angle of His when 
gastrostomy tubes are placed. 

I use a gastrostomy tube for gastric decompression and for feedings 
in smaller children. For those children who require esophageal dilata- 
tion, the presence of a gastrostomy tube allows for safer dilatation. In 
the seven children with esophageal stenosis who required dilatation, 
did the surgeons subsequently place a gastrostomy tube? Are dilata- 
tions safer when a gastrostomy tube is present? Do the authars feel 
that a gastrostomy tube may prevent esophageal leaks? Do they 
believe that a gastrostomy tube might provoke reflux, and finally, in 
the smallest premature infants with respiratory distress, would fistu- 
la ligation and a gastrostomy tube be a safer alternative? 

Eric W. FoNKALSRUD, MD, Los Angeles, Calif: The use of a 
gastrostomy with EA-TEF repair or almost any intestinal operation 
in infants generates.a quite wide difference of opinions. The majority 
of infants probably do not require staged repair of a EA-TEF or 
gastrostomy. However, the infant with pulmonary disease or a seri- 
ous cardiac disorder who requires endotracheal intubation before 
repair of the EA-TEF may find an urgent gastrostomy to be lifesav- 
ing. Since the EA-TEF does not take precedence over some of these 
other conditions, the stomach may rupture due to overventilation 
through the endotracheal tube. This is indeed an emergency situation 
requiring prompt gastrostomy. Since infants may occasionally be at 
risk of developing perforation in this setting, we encourage the 
physician to decide whether a gastrostomy should be used. 

It is probably rare that a gastrostomy has truly been shown to 
cause increased morbidity or mortality associated with EA-TEF 
repair. Whether this increases the risk of reflux is a matter of 
continued debate. It is likely that any elevation of the lower esopha- 
gus with distortion of the angle of His, particularly if there is any 
tension on the esophageal anastomosis, probably does lead to in- 
creased reflux. The vole of a gastrostomy tube per se in causing reflux 
in this setting is undetermined. 

In infants who have primary repair of EA-TEF, it is common to 
place a transanastomotic tube into the stomach. It is not uncommon to 
have that tube inadvertently dislodged and to have a member of the 
staff reinsert it with great risk of perforation to the anastomosis. 
Certainly, it is much safer to dilate the strictures with a nasogastros- 
tomy string rather than from above with an esophagoscope. Do you 
believe it is safe to use the esophagoscope in this setting? 

WILTON A. DOANE, Santa Barbara, Calif: I offer a historical vi- 
gnette. About 25 years ago I had occasion to operate on six patients 
with EA-TEF. Five underwent primary repair. All patients sur- 
vived. One of them was a 1500-g infant, and I did a staged repair with 
gastrostomy and ligation of the fistula and then secondary anastomo- 
sis. I was much reassured to have a gastrostomy for feeding and 
decompression. 

MICHAEL R. HARRISON, San Francisco, Calif: I want to focus on the 
issue of primary vs delayed repair. It is a terrible mistake to go after 
the so-called long-gap atresias (usually those without fistula) and not 
be able to get the ends together. There is nothing like your own 
esophagus and you often only get one good shot at it. 

Do the authors have a way to judge whether there is a long gap 
before going in? We have started performing bronchoscopy in these 
small infants to see where the fistula comes off. If it comes off low 
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down at the carina, there is oftena short distal pouch and a leng gap. If 
it comes off high on the back wall of the trachea, which is usually the 
case, there is usually a reasonable gap. Of course, the length of the 
proximal pouch can be assessed by a roentgenogram. 

CARLOS A. PELLEGRINI, San Francisco, Calif: Many patients who 
have had repair of EA-TEF develop abnormal gastroesophageal 
reflux in their adolescence or during their adult life. Nobody is really 
sure why this occurs. Have the authors conducted any studies postop- 
eratively to determine (1) the frequency of reflux intheir patients and 
(2) the mechanism of this phenomenon? 

Dr SCHWARTZ: In 1976, Dr Tyson, the senior author of this report, 
was the first pediatric surgeon to demonstrate that primary repair 
without a gastrostomy was not only possible but highly successful. Of 
the seven patients with esophageal stricture, one underwent a gas- 
trostomy postoperatively by the attending pediatric surgeon because 
he felt that the child would need frequent dilatations. As it turned out, 
that was not necessary. We have not found a gastrostomy to be 
helpful when performing dilatations. We have been fortunate im not 
having any patients with pinpoint openings at the anastemosis or 
postanastomotic esophageal disruption, so the need for gastrostomy 
and placement of a string has not been indicated. Under cireum- 
stances where this would be the case, a gastrostomy tube could be 
placed postoperatively. 

Can a gastrostomy prevent anastomotic leaks? This question sug- 
gests that early postoperative gastroesophageal reflux may increase 
the risk of an anastomotic breakdown and the presence of a gastros- 
tomy would minimize this risk. Of the patients with a demonstrable 
leak, only one patient was symptomatic. This patient had a gastros- 
tomy placed at the initial operation. In the remaining four patients 
who were asymptomatic, a gastrostomy tube was not placed. The 
leak (sinus tract) was not found on a follow-up barium swallow dane 2 
to 4 days after the initial study. Our incidence of leaks is not higher 
than in other series, and there are no data to support the idea that a 
gastrostomy tube prevents the development of an anastomotic leak 
or, in fact, prevents reflux. 

There is a growing body of information in the pediatric surgery 
literature, both experimental and clinical, that suggests a gastros- 
tomy tube may be associated with a higher incidence of gastroesopha- 
geal reflux. These studies have not been performed in patients who 
have had esophageal atresia repair. This particular group of patients 
has a high incidence of gastroesophageal reflux anyway, and to relate 
it to the gastrostomy tube itself is difficult. 

Three of our 4 patients with a gastrostomy developed gastroeseph- 
ageal reflux, whereas 8 of 35 patients without a gastrostomy tube 
developed reflux. However, it may be that the reasons the gastros- 
tomy tube was put in place may predispose the patient to develop 
reflux. We are unwilling to comment about the association of a 
gastrostomy tube and reflux in this particular series. 

In a markedly premature infant with esophageal atresia who has 
other problems related to prematurity, such as respiratory distress, 
would we proceed with primary repair without a gastrostomy? We 
would make that decision at the time of surgery. 

Most pediatric surgeons would agree that much of the operative 
effort for definitive repair of esophageal atresia is in the retroplearal 
approach and division and oversewing of the tracheoesophageal fistu- 
la. If the two esophageal ends are in close proximity, it would not take 
much longer to mobilize the proximal end and to perform a primary 
anastomosis. However, if there were a long gap, fistula ligation weuld 
be appropriate. In markedly premature infants, the need for a gas- 
trostomy exists because it is unlikely that they are able to swallow 
effectively. 

Placement of a gastrostomy tube can be an aid to the anesthesiolo- 
gist. However, if the anesthesiologist can be oriented to not use high 
pressures and force air through the fistula, the need for a gastros- 
tomy tube intraoperatively is eliminated. 

There is no evidence that a gastrostomy tube protects an esophage- 
al anastomosis. Early enteral feeding is somewhat contraindicated. If 
you start feeding patients early with the known high incidence of 
reflux in presence of an anastomosis, you may have a potential 
problem. We do not place a transanastomotic tube and, therefore, are 
not concerned about a member of the staff trying to replace it. We 
have not found a need for a transesophageal string in our series of 
patients. We do not use routine bronchoscopy. The mechanism of 
reflux in these children is multifactorial. Patients born with esopha- 
geal atresia have distal esophageal dysmotility and decreased lower 
esophageal sphincter pressure. It is not a result of the surgery. 
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Omental Pedicle Grafting in the Treatment 
of Postcardiotomy Sternotomy Infection 


Stephen F. Lovich, MD; Leigh I. G. Iverson, MD; J. Nilas Young, MD; Coyness L. Ennix, Jr, MD; 
James E. Harrell, Jr, MD; Roger R. Ecker, MD; Glen Lau, MD; Patrick Joseph, MD; Ivan A. May, MD 


è Postcardiotomy sternal infection occurred in 20 (2%) of 1007 
patients undergoing cardiac surgery between September 1985 
and December 1987, a 10-fold increase over the preceding 33 
months (4 [0.24%] of 1627 patients). Cultures were sterile in 5 
patients and yielded staphylococci in 12 and a variety of bowel 
organisms in 3. The cause for the increased occurrence of sternal 
wound infection is unclear after multivariate analysis, although 
infections have precipitously dropped subsequent to changing 
to cefuroxime sodium antibiotic prophylaxis. Treatment has 
evolved to appropriate antibiotics and early débridement of in- 
volved sternum and cartilage. Rewiring the sternum is not at- 
tempted. If gross purulence is not present, primary closure is 
accomplished using muscle flaps (2 patients) or omental pedicle 
grafts (17 patients). In the presence of gross purulence, the 
wound is packed open for 5 days and then closed in the above 
fashion. Two patients required skin grafts for primary closure. 
The omental pedicle flap is preferred due to simplicity and im- 
proved coverage of the sternal defect inferiorly. Nineteen pa- 
tients healed primarily. A superficial wound infection was 
drained in 1 patient. Midline incisional hernias developed in 3 
muscular patients. Omentum is now harvested through a left 
subcostal incision. Hospital stay was under 2 weeks in 13 pa- 
tients. One death occurred due to multisystem failure prior to 
completion of wound closure. In our experience, early sternal 
débridement and omental pedicle grafting with primary closure 
is appropriate therapy for postcardiotomy sternotomy infec- 
tions. The presence of gross purulence may require 5 days of 
open packing prior to omental grafting. No significant complica- 
tions occurred, and mortality was low. A left subcostal incision 
for omenta! harvesting is utilized to avoid the occurrence of 
delayed incisional hernias. 

(Arch Surg. 1989;124:1192-1194) 


ternal wound infections progressing to osteomyelitis af- 
ter open heart procedures present a major risk in terms 

of morbidity and mortality. Although this complication is 
rare, the potential spread of infection into the mediastinum 
involving prosthetic valves, grafts, and suture lines make this 
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a life-threatening complication confronting both the thoracic 
and plastic surgeons. 

Simce the popularization of the median sternotomy incision 
by Julian et al’ in 1957, studies have reported the incidence of 
major infections in sternal wounds, including osteomyelitis, 
sterral dehiscence, or chronic chondritis, to be 0.4% to 5%” of 
all cases, with mortality within the range of 5% to 40%.** 
Retrospective reviews’*’ have cited emergency procedures, 
prolonged pump time, postoperative hypotension, postopera- 
tive bleeding, and the use of the internal mammary artery as 
poteatial contributing factors. 

Tre diagnosis of osteomyelitis can be elusive. In 1976, 
Culliford and his associates‘ reported that sternal osteomyeli- 
tis most frequently resulted from a delay in the initial diagno- 
sis ofa sternal infection or the inadequacy of initial treatment. 
When the diagnosis was made more than 1 month after the 
operative procedure, the mortality in their series rose to 20%. 
A delay in diagnosis also extended recovery time a mean of 73 
day=and up to 141 days in cases where complicated infections 
required multiple procedures. 

In over 50% of reported cases of osteomyelitis, Staphylo- 
cocc4s epidermidis or Staphylococcus aureus were the incit- 
ing erganism, with Klebsiella, Serratia, Proteus mirabilis, 
Escherichia coli, and Pseudomonas reported.**"* Candida 
albieans is rarely seen early, but this pathogen is increasingly 
more common in delayed infections. * 

The diagnosis of sternal osteomyelitis is made primarily by 
physical examination. The most common presentation is a 
chronic draining sinus with leukocytosis. Other features can 
include fever, chest pain, and sternal instability. 

Treatment of sternal osteomyelitis has seen a transition 
over the past 15 years. In 1974 Thurer et al reported good 
results with sternal débridement, continuous closed mediasti- 
nal rrigation with povidone-iodine solution, drainage, and 
delayed skin closure. Current options include open drainage 
of the mediastinum, irrigation of the infected sternum, ag- 
gressive débridement and closure with pectoralis major myo- 
cutaneous flap,” omental transposition,” or rectus abdominis 
myccutaneous island flap.” 

Numerous reports have cited the use of omentum both asa - 
trarsposition pedicle and as a free flap. Its utility in sealing 
infe tions, protecting an anastomosis, and closing hernias is 
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widely reported. Outside the abdomen the omentum has been 
used on the esophagus,” head and neck,“ extremities,” 
breast, perineum,” and for closure of a chronic broncho- 
pleural fistula.” The advent of microvascular technique has 
further expanded its utility. Omentum can be used to provide 
lymphatic drainage, to augment soft-tissue deficits, or to 
al a vascularized surface capable of accepting a skin 
graft. 


MATERIALS AND METHODS 


The successful treatment of chronic and acute osteomyelitis in any 
location of the body depends on two principles. It requires the ade- 
quate débridement-of the infected bony:surface, followed by caverage 
of the exposed bone with well-vascularized tissue. In the earlier 
treatment of osteomyelitis of the sternum following coronary bypass 
surgery, attempts were made to rewire the sternum following limited 
débridement, This method frequently led to recurrent infections as 
well as chronic osteomyelitis. 

In our experience, the infected sternum was not rewired following 
débridement. In some cases this required wide resection of both 
edges of the sternum to ensure that the-sternal edges would not be in 
contact during the healing period. We made several observations 
during our early experience with muscle flaps in sternal reconstruc- 
tion. Initially, the pectoralis major musele flaps were used bilaterally, 
imbricated on each ether over the mediastinum in an attempt to cover 
the edge of the sternum. We observed that despite bilateral mobiliza- 
tion of the muscles at their insertions on the humerus, they could not 
reach the lower third of the sternum. We also attempted to use the 
pectoralis major muscle with the overlying skin of the chest wall as a 
myocutaneous flap, both with and without division of the insertion. In 
this instance, the skin and muscle flap achieved wound coverage, but 
not adequate protection of the bone, and actually created a surgical 
dead space. In eaeh method, there was a tendency for seroma 
formation. 

We chose the omental pedicle flap because of the surgical simplicity 
of the procedure and the sound logic in its use. The infected sternum 
first underwent aggressive débridement. When abscess formation 
was present, the wound was left open for daily dressing changes. 
After approximately 5 days, the patient was returned to the operat- 
ing room. If the abscess was no longer present, the sternal débride- 
ment was completed. The area was then protected with a separate 
surgical draping. 

A new set of surgical instruments and new gloves and gowns were 
used for the abdominal portion of the procedure. The abdomen was 
entered through a midline incision or a left subcostal incision. Once 
entered, omentum was mobilized from the mesocolon. If required, 
part of the gastroepiploic arcade was taken down from the greater 
curvature of the stomach. Next, the left gastroepiploic vessel was 
divided and mobilization of the omentum was completed. Tunneling of 
the omentum was done either by an incision on the anterior midline of 
the diaphragm or through a cutaneous tunnel connected to the medial 
opening of the left subcostal incision. The omental pedicle was snugly 
packed into the chest wall defect with coverage of all-exposed bony 
edges and elimination of surgical dead space. Standard general surgi- 
cal closure of the abdominal wall was completed. Care was taken not 
to strangulate the opening of the omental vascular pedicle. The 
omentum was then secured to the fibrous tissue along the edge of the 
sternum by suturing to the periosteum, the fascia, or the pectoralis 
major muscle fibers. The closure of the sternal wound was achieved 
by limited undermining of the skin edges:and dermal closure using 3-0 
polyglycolic acid (Dexon) suture in an interrupted fashion. A closed 
suction drain was placed below the skin into the subcutaneous space. 
The patient was kept supine for 24 hours. Ambulation was started the 
next morning. 

In our series, the use af the omental pedicle was successful in 
treating acute and ehronic osteomyelitis of the sternum following 
coronary artery bypass. Four complications were noted: one minor 
wound infection that responded to antibiotics and simple drainage 
and three incisional hernias. 

In all three cases of herniation, the patients were heavy, muscular 
men with complete dehiscence of the sternum. At the time of the 
hernia repair, the fascial closing was neted to be torn and discon- 
nected from the anterior diaphragmatie opening. This occurrence 
probably resulted from weakening of the fascial closure due to the 
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mobility of the sternal remnant and increased intra-abdominal pres- 
sure during various activities. 

Currently, when osteomyelitis of the sternum occurs with a com- 
plete dehiscence of the sternum, the left subcostal incision is used. 
Thus far, we have not observed the development of any hernias when 
this approach is used and the omental pedicle is tunneled subcutane- 
ously into the sternal region. 


RESULTS 


From September 1985 to December 1987, a total of 1007 
patients underwent median sternotomy for open heart sur- 
gery at Samuel Merritt Hospital, Oakland, Calif. Within this 
group of patients, 20 (2%) developed sternal osteomyelitis. 
This represents a striking increase in this complication at our 
facility. Comparatively, the previous 33-month period saw 
this complication in only 4 (0.2%) of 1627 patients. The reason 
for this increase has not been completely resolved. Multivar- 
iant analysis of possible risk factors, including age, sex, 
length of hospital stay prior to the procedure, urgency of 
operation, antibiotic prophylaxis, type of surgical procedure, 
duration of surgical procedure, length of cardiopulmonary 
bypass, balloon counterpulsation, preoperative vs discharge 
hemoglobin levels, duration of mechanical ventilation, num- 
ber of days in the intensive care unit, use of the internal 
mammary artery, and technique for its mobilization, was 
inconclusive. 

The treatment of sternal osteomyelitis at our facility in- 
volved a combined approach by both the thoracic and plastic 
surgeons. It consisted of surgical débridement of the infected 
sternum and costal cartilages, followed: by coverage with an 
omental pedicle flap in 17 patients, and a pectoralis major 
muscle flap in 2 patients. This was followed by either primary 
skin closure or split-thickness skin grafting when it appeared 
clinically that the infection had been controlled. One patient 
died with multisystem organ failure before closure could be 
attempted for an overall mortality rate of 5%. Of the 19 
postoperative patients, the mean postoperative hospital 
course was 12.6 days, with a median of 12 daysand arangeof9 
to 26 days. All patients were discharged home with primary 
wound healing. 

Wound cultures yielded S epidermidis in 9 patients (45%) 
and S aureus in 3 (15%). We also had cultures from 2 patients 
yield both E coli and P aeruginosa, and from 1 patient yield 
Diplococcus pneumoniae and Escherichia aurescens. There 
were 5 patients (25%) who had negative cultures, including 
acid-fast bacilli. 

One patient developed a superficial wound infection that 
responded to antibiotics and simple drainage, and three pa- 
tients developed incisional hernias. Our overall morbidity 
rate was 21%. 

In the follow-up period, no cardiac or pulmonary complica- 
tions have been noted and no patient has complained of pain 
related to the procedure. 


CONCLUSION 


Sternal osteomyelitis represents a serious complication of 
median sternotomy, with a good outcome requiring both early 
diagnosis and aggressive treatment. At our institution, ther- 
apy included either omental transposition or pectoralis major 
myocutaneous flap. A recent review of 20 consecutive cases 
treated by these methods revealed a postoperative merbidity 
of 21% and an overall mortality of 5%. To date, follow-up has 
shown excellent patient satisfaction. 

Previous studies have demonstrated that the overall prog- 
nosis in sternal osteomyelitis is related to early recognition of 
the problem combined with initial definitive treatment. Our 
approach to this problem has resulted in a significant reduc- 
tion in the overall hospital stay as well as a reduction in 
morbidity when compared with previously cited literature. 
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Discussion 


RICHARD P. ANDERSON, MD, Seattle, Wash: Ravitch has termed 
the omentum an organ often too little thought about. Certainly, in 
this era of surgical turf guarding, this is one organ that can be shared 
congenially by nearly all surgical specialties. The omentum is unique- 
ly suited to be a powerful adjuvant to wound healing, an observation 
of the 19th-century surgeons who first marked its ability to seal off 
intestinal perforations. It is-a veritable immunologic factory, with 
deposits of macrophages of both the B and T type that ingest bacteria. 

One of the most remarkable and important attributes of the omen- 
tum is its capacity of angiogenesis. Not only does it carry a dense 
superficial capillary network on its surface, but it is found to contain 
or to produce factors that actually induce capillary proliferation. 
Thus, when it is transplanted, granulation tissue readily forms and 
skin grafts generally take easily. 

Other features of the omentum that are particularly useful are its 
broad surface area and its pedicle allowing it to be extended to various 
remote sites. Its bulk allows it to very nicely fill dead space. 

There were five patients in whom a culture yielded nothing. Were 
these wound infections or just early sternal dehiscence? If we had 
someone whose sternum became unstable but was not infected, we 
would go back to the operating room and simply rewire the sternum. 
Was prolonged positive pressure ventilation required? 

There are really two studies here. The other is the cause of the 10- 
fold increase in infection rate between two time periods. I am left 
unsatisfied with the explanation that despite analysis of a variety of 
factors, the cause for this marked increased infection rate was un- 
clear. Perhaps there is something to learn about prevention of sternal 
infections here. We would all rather prevent them than have to treat 
them. 

EDWARD VERRIER, MD, San Francisco, Calif: The principle that is 
most important in the treatment of sternal infections is bringing 
vascularity to the wound. At the University of California at San 
Francisco, Stephen Mathes, MD, is really a pioneer in introducing 
muscle and myocutaneous flaps into areas of infection. 

We have used the omentum. We prefer muscle to avoid the problem 
at the lower end of the sternum alluded to by the authors by using 
either a combination of pectoral and/or rectus flaps to get coverage. 
We have seen no ventral hernias from this technique and no skin 
grafts are usually required. 

Our other major concern with using the omentum right next to an 
infected area would be the development of an intra-abdominal abscess 
or wound infection. Have you used muscle flaps and is there any 
specific advantage of omentum or muscle in control of this serious 
complication of sternotomy? 

The spectrum of infection is variable, and therefore treatment can 
often be individualized. Some patients have early infection in the 
mediastinum without evidence of osteomyelitis. In such patients, we 
have had success with mediastinal drainage, rewiring the sternum, 
and then irrigating the anterior mediastinum with antibiotics. This 
has avoided any type of myocutaneous muscle or omental flap. The 
more chronic infections, particularly those that have sternal bone 
involvement, require revascularization of the area with muscle or 
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omentum. 

BRUCE E. STABILE, San Diego, Calif: We identified several risk 
factors that appeared to be related to sternal wound infection, and I 
wonder if they were identified as significant by the authors’ multivar- 
iate analysis. One was cross-contamination from the groin or leg 
wound to the sternal wound by use of the same instruments or gloves 
at the two operative sites. Do the authors treat the groin or leg and 
the sternal wounds as separate portions of the procedure with differ- 
ent sts of gloves and instruments or do they freely move from one 
operetive site to the other? We significantly reduced our sternal 
wound infection rate by eliminating this potential cross-contamina- 
tion. Are sternal infections more common with coronary bypass 
operations where there was a saphenous vein harvest as opposed to 
valve replacement procedures where there was no vein harvest? In 
our r=view of the sternal infection problem, we found that there was 
use of bone wax for hemostasis. It is my bias that when bone wax is 
applied to two cut surfaces of bone that are then reapproximated, 
healiag is delayed and the risk of wound infection is increased. 

DF IVERSON: It was our intention to prove that the cause of our 
sterral complications was aseptic necrosis secondary to harvesting 
the iaternal mammary artery, and that the infections were all su- 
prairfections. Unfortunately, both the univariate and the multivarite 
analyses of all the possible factors found no correlation that would 
allow us to prove that the internal mammary artery was in any way 
relatad to the infection rate. We had had an incidence of 0.2% of chest 
wall -nfections, and over this period it went up to 2%. 

These patients all had evidence of frank necrosis of the sternum and 
therefore were not candidates for rewiring of the sternum. Patients 
who aad simple dehiscence were treated by rewiring. 

In the past, we have used simple tube drainage and antibiotic 
irrigation but had problems controlling infection with this. We have 
usedumyocutanoues flaps. We have found that the ease of the opera- 
tion and the brevity of hospital admission with the use of the omentum 
is suverior to anything else that we have used. 

Tre incidence of leg infection in these individuals was very low. 
There was one patient who had infection in both sources. The rest 
were pure sternal infections without leg contamination. 

Interestingly, all of our infections occurred in patients who had 
coroaary bypass. We had no infections in patients who had valve 
procedures or patients who had a combination of valve procedures 
and eoronary bypass. 

All six members in our group use bone wax in varying amounts, 
from heavy use to no use whatsoever, and there is no statistical 
difference in the incidence of infection within the members of the 


Up. 

Itis my feeling that we are seeing aseptic necrosis. I am confident 
of this. We had patients with grossly necrotic sternums whose cul- 
tures were negative. The organisms that the cultures yielded were 
due +o skin contaminants and bowel organisms that were transmitted 
to tre patient. We had an impression in reopening these patients that 
the necrotic tissue tended to track toward the left internal mammary 
artery, which was harvested for use in bypass. 
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How Many Americans Will Be Eligible 


for Biliary Lithotripsy? 


Thomas H. Magnuson, MD; Keith D. Lillemoe, MD; Henry A. Pitt, MD 


è Extracorporeal shock wave lithotripsy has received increas- 
ing attention as a possible alternative to cholecystectomy. Good 
data, however, are not available on what percentage of the 
500 000 Americans presently undergoing cholecystectomy an- 
nually might be eligible for extracorporeal shock wave litho- 
tripsy. Therefore, we studied 100 consecutive adult patients un- 
dergoing cholecystectomy and applied present exclusion 
criteria to determine their suitability for extracorporeal shock 
wave lithotripsy. In each patient, preoperative history and opera- 
tive findings were reviewed. Gallstone size and number were 
recorded, and cholesterol content and radiopacity were deter- 
mined. Cholesterol stones were found in 74 patients, pigment 
stones in 21, and acalculous cholecystitis in 5. Of the 100 pa- 
tients, only 19 (19%) had no exclusion criteria and, thus, would 
have been eligible for extracorporeal shock wave lithotripsy. 
These data suggest that approximately 95 000 Americans a year 
will be candidates for shock wave biliary lithotripsy. 

(Arch Surg. 1989;124:1195-1200) 


ver a century has passed since Langenbuch' performed 

the first cholecystectomy in 1882. Since that time, sur- 
gery has assumed a primary role in the management of symp- 
tomatic gallstone disease with over 500 000 cholecystectomies 
being performed in the United States annually.’ Recently, 
however, various nonsurgical options have been proposed as 
potential alternatives to cholecystectomy. Oral bile acid ther- 
apy with chenedeoxycholic acid and/or ursodeoxyckolic acid 
has been demonstrated to successfully dissolve cholesterol 
gallstones both in vitro and in vivo.** More recently, extracor- 
poreal shock wave lithotripsy (ESWL) has been introduced as 
another nonsurgical modality designed to mechanically elimi- 
nate gallstones from the gallbladder.’ 

Both oral bile acid therapy and ESWL are limited, howev- 
er, in that only a highly select population of patients with 
gallstones can potentially benefit from these treatments. Fa- 
vorable results with these two modalities rely on screening 
for variables such as radiographic gallstone lucency, cystic 
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duct patency, and specific gallstone size and number. Similar- 
ly, both bile acid therapy and ESWL are less effective in 
treating pigment gallstones, which are present in over one 
fourth of Americans with cholelithiasis.” 

The percentage of patients presently undergoing cholecys- 
tectomy in the United States who might be eligible for ESWL 
and/or bile acid therapy remains to be clearly defined. Euro- 
pean studies” indicate that with present selection criteria, 
28% of referred patients are eligible for ESWL and that at a 
referral center 25% of all patients treated for gallstones un- 
dergo ESWL. Additional studies have suggested that 15% to 
35% of patients may be eligible for oral bile acid therapy.**” 
Many of these studies, however, represent patients prese- 
lected or referred for nonoperative therapy and may not 
accurately reflect the general population. In the present 
study, we examined 100 consecutive patients with gallblad- 
der disease undergoing cholecystectomy and determined 
what proportion would have been eligible for either ESWL or 
bile acid therapy. 


PATIENTS AND METHODS 
Patient Selection 


One hundred consecutive adult patients undergoing cholecrstecto- 
my at The Johns Hopkins Hospital, Baltimore, Md, from September 
1987 to August 1988 were studied. Patients were included in the 
study if cholecystectomy was performed for biliary tract symptoms 
and excluded if the gallbladder was removed incidentally during 
another intra-abdominal procedure. Each patient's preoperative clin- 
ical history and intraoperative findings were reviewed. Att the time of 
surgery, the gallbladder was opened and inspected for evidence of 
gallstones and/or cystic duct obstruction. The number of gallstones 
was recorded, and the diameter of the largest stone was measured to 
the nearest millimeter. 


Gallstone Classification 


Gallstones from each patient were initially classified as either 
cholesterol or black pigment stones based on visual inspection. The 
percent of cholesterol content of each stone was also determined by 
grinding the stone into a fine powder, and measuring cholesterol 
enzymatically after chloroform/methanol extraction.’ All chalesterol 
stones were found to contain more than 50% cholesterol, whereas 
pigment stones contained less than 10% cholesterol by weight. The 
presence of gallstone calcification was determined by in vitro plain 
radiographs taken of individual intact stones.” 
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Stone Type and Patient Characteristics 


Patients Undergoing Cholecystectomy, % 
———— m 
Stone Type 


















All 
Cholesterol Pigment Acalculous Patients 
(n=74) (n=21) (m=5) (N=100) 
Characteristic 
Age, y (mean + SEM) 49+2 45+4 39+8 48+2 
Female 52* 80 70 











White 
Black 


Presentation 
Chronic cholecystitis 


Acute cholecystitis 
Gallstone pancreatitis 


67 
















Risk factors 
Obesity (>140% of 
ideal body weight) 23 5* 20 19 
Estrogen therapy 8 5 0 7 
Diabetes 7 10 0 7 
Hemolysis 1 33t 0 8 
lleal disease 0 20 5 


*P = 05 vs cholesterol. 
+tP<.002 vs cholesterol. 


ESWL Exclusion Criteria 


Extracorporeal shock wave lithotripsy patient exclusion criteria 
presently being used in Europe and the United States” were used to 
determine what percentage of patients undergoing cholecystectomy 
would have been eligible for ESWL. Exclusion criteria included (1) 
more than three stones, (2) cystie duct obstruction, (3) largest stone 
diameter of more than 30 mm or less than 5 mm, (4) evidence of 
calcified gallstones visible radiographically, (5) gallstones not visible 
ultrasonographically, (6) gallstone pancreatitis, or (7) known common 
bile duct stones. Patients with hemolytic disease (sickle cell anemia or 
prosthetic heart valves) were also excluded due to their increased 
likelihood of harboring pigment gallstones. Cystic duct obstruction 
was determined by gallbladder nonvisualization on oral cholecysto- 
gram or cholescintigraphy or by pathologie evidence of acute 
cholecystitis. 


Oral Bile Acid Exclusion Criteria 


The 100 patients were also evaluated for their eligibility for bile 
acid therapy according to previously reported criteria. *®*" Exclusion 
criteria for bile acid therapy included (1) gallstone size of 15 mm or 
larger, (2) cystic duct-obstruction, (3) evidence of calcified gallstones 
visible radiographically, (4) gallstone pancreatitis, (5) history of he- 
molytic disease, or (6) known eommon bile duct stones. Patients with 
a history of preexisting hepatic disease with abnormal liver enzyme 
levels or gross obesity (> 140% ideal body weight) were also excluded 
from eligibility for bile acid therapy.” 


Statistics 


Statistical comparisons between patient groups were performed 
using a Student unpaired ¢ test (two-tailed) or Fisher’s Exact Test 
where appropriate. Results are expressed either as percentages or as 
mean (+SEM). 


RESULTS 
Patient Characteristics 


The clinical characteristics of the 100 consecutive patients 
undergoing cholecystectomy are presented in the Table. Cho- 
lesterol gallstones were found in 78% (74 patients), and black 
pigment gallstones were found in 22% (21 patients) of all 
patients with stones. Five patients did not have gallstones in 
their gallbladders at the time of surgery and were classified as 
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Fig 1.— Distribution of number of gallstones present in patients with 
cholesterol and pigment gallstones. 


having acalculous cholecystitis. Each of these 5 patients, 
however, had a preoperative diagnosis of chronic chole- 
cystitis. 

Data with respect to age, sex, and race for the patients with 
cholesterol gallstone, pigment gallstone, and acalculous dis- 
ease ape presented in the Table. The overall mean age of the 
patients was 48.1+2.0 years (range, 17 to 89 years). Seventy 
percent of the patients were female. A significantly greater 
percentage of patients with cholesterol gallstones were fe- 
male compared with patients with pigment gallstones 
(P =.05). Sixty-seven percent of the patients were white, and 
33% were black. No Asians or American Indians were present 
in this study population. Of the 100 patients, 78% had a 
diagnosis of chronic cholecystitis, 14% had acute cholecysti- 
tis, and 8% presented with gallstone pancreatitis. Patients 
with pigment stones were more likely (P=.05) to present 
with acute cholecystitis. 

Risk factors for gallstone disease are also presented in the 
Table. Obesity (>140% of ideal body weight) was present in 
significantly more patients with cholesterol gallstones than in 
those with pigment gallstones (P<.05). Patients with pig- 
ment gallstones were more likely to have hemolytic disease 
(sickle cell anemia or prosthetic heart valves) or ileal disease 
(prior ileal resection and/or Crohn's disease) when compared 
with patients with cholesterol gallstones (P<.002). 


Gallstone Characteristics 


Data summarizing the tetal number of gallstones found in 
each patient are presented in Fig 1. A solitary stone was 
found in 19 (26%) of 74 patients with cholesterol gallstones and 
5 (24%)of 21 patients with pigment gallstones. Thus, 24 of the 
100 patients had a solitary stone. Two or three stones were 
present in 11 (15%) of 74 patients with cholesterol gallstones 
and in 2 (10%) of 21 patients with pigment stones. Thirteen of 
the 100 patients, therefore, had either two or three stones. 
More than three stones were found in 44 (59%) of 74 patients 
with cholesterol stones and in 14 (67%) of 21 patients with 
pigment stones. Thus, 58 of the 100 patients had more than 
three stones. The size distribution of gallstones is shown in 
Fig 2. The diameter of the largest stone present in each 
patient was used for analysis. Overall, patients with choles- 
terol stenes tended to have larger stones when compared with 
patients with pigment stones. Only 46 (62%) of 74 patients 
with cholesterol gallstones had stones less than 15 mm in 
diameter, whereas 20 (95%) of 21 patients with pigment gall- 
stones had stones less than 15 mm (P<.01). Overall, 18 pa- 
tients had stones less than 5 mm in diameter, 48 had stones 5 
mm te 14 mm in diameter, 27 had stones 15 mm to 30 mm in 
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diameter, and only 2 patients had stones greater than 30 mm 
in diameter. 

Gallstones with evidence of calcification visible radiograph- 
ically were present in 10 (14%) of the 74 patients with choles- 
terol gallstones and in 6 (29%) of the 21 patients with pigment 
gallstones. Overall, 16 (17%) ofthe 95 patients with gallstones 
had evidence of calcification on plain radiographs. 


Patients Eligible for ESWL 


The percentage of patients fulfilling individual exclusion 
criteria for ESWL is shown in the following tabulation: 


Exclusion Criteria % of Patients 
>3 stones 58 
Cystic duet obstruction 22 
Stone size (<5 mm or >30 mm) 20 
Calcified gallstones 16 
Gallstone pancreatitis 8 
Ultrasound stone nonvisualization 8 
Hemolytic disease 8 
Known common duct stones 5 


The most frequent exclusion criteria were more than three 
stones, cystic duet obstruction, stone size, and stone calcifica- 
tion. Forty-six patients (46%) were excluded by two or more 
criteria. Overall, 19 patients (19%) had no exclusion criteria 
and would have been eligible for ESWL (Fig 3). Of these 
patients, 17 were found to have cholesterol gallstones, and 2 
had pigment gallstones. 

The patients who would have qualified for ESWL were 
further characterized by their gallstone size and number (Fig 
4), since ESWL has been demonstrated to be most effective in 
the treatment ef solitary stones less than 20 mm in diameter.’ 
Twelve (63%) of the 19 patients who qualified for ESWL had 
solitary stones with diameters of 20 mm or less and would 
have been ideal eandidates for this treatment. Four (21%) of 
19 patients who qualified for ESWL had solitary stones more 
than 20 mm in diameter, whereas 3 (16%) of the 19 patients 
who qualified had two or three gallstones. 


Patients Eligible for Oral Bile Acid Therapy 


Bile acid therapy exclusion eriteria were also appliec to the 
100 patients. In addition to cystic duct obstruction, gallstone 
calcification, gallstone pancreatitis, known common duct 
stones, and hemolytic disease (see tabulation), patients were 
excluded from bile acid therapy because of stone size (15 mm 
or larger) in 29%, obesity (>140% ideal body weight) in 19%, 
and preexisting hepatic disease in 3%. Thirty-four patients 
(34%) were excluded from bile acid therapy by two or more 
criteria. Twenty patients (20%) had no exclusion criteria for 
bile acid therapy and would have qualified for such treatment 
had cholecystectomy not been performed (Fig 3). Of these 20 
qualifying patients, 16 were found to have cholesterol gall- 
stones, and 4 had pigment gallstones. 


Overall Eligibility 


Nineteen patients had no exlcusion criteria for ESWL, and 
20 patients would have been eligible for oral bile acid therapy. 
Four patients had no exclusion criteria for either ESWL or 
bile acid therapy and, thus, would have been eligible for either 
modality. Overall, therefore, 35 patients (35%) would have 
been eligible for ESWL, bile acid therapy, or both (Fig 3). 


COMMENT 


Extracorporeal shock wave lithotripsy and oral bile acid 
therapy have received increasing attention in the United 
States as potential alternatives to cholecystectomy in the 
management of symptomatic gallstone disease. In contrast to 
surgery, however, these new modalities are limited in that 
their overall efficacy depends on the preselection of patients 
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Fig 2. — Distribution of size of the largest gallstone present in patients 
with cholesterol and pigment gallstones. 
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Fig 3.—Proportion of patients eligible for nonoperative therapies. 
ESWL indicates extracorporeal shock wave lithotripsy. 


Fig 4.—Gallstone characteristics of those patients eligible for extra- 
corporeal shock wave lithotripsy (ESWL). 
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most likely to respond. Because of this need for strict eligibil- 
ity criteria, it has been proposed that only a small proportion 
of the population with gallstones requirmg treatment will 
qualify for these nonoperative therapies. In the present 
study, 100 consecutive patients undergoing cholecystectomy 
were evaluated, and the current exclusion criteria for ESWL 
and bile acid therapy were applied. 

Eighty-one patients had at least one exclusion criteria for 
ESWL with 46 of these patients meeting two or more criteria. 
Nineteen patients (19%), therefore, would have qualified for 
ESWL. Similarly, 80 patients had at least one exclusion 
criteria for oral bile acid therapy with 34 of these patients 
meeting two or more criteria. Thus, 20 patients (20%) would 
have qualified for gallstone dissolution therapy. Overall, had 
cholecystectomy not been performed, 35 (35%) of the initial 
100 patients would have been eligible for ESWL, bile acid 
therapy, or both. 

To date, the largest clinical experience with ESWL comes 
from West Germany.”* This group has reported that of pa- 
tients initially referred for lithotripsy, 28% are eligible once 
exclusion criteria have been applied. Moreever, of all patients 
presently undergoing gallstone treatment at their institution, 
25% have been managed with ESWL. These proportions are 
somewhat higher than the 19% of patients who would have 
qualified for ESWL in the present study. The West German 
figures, however, may overestimate the actual proportion of 
patients eligible since they are based on a referred and poten- 
tially preselected population. This apparent discrepancy may 
also be explained by the fact that the present study addresses 
only those patients currently undergoing cholecystectomy. A 
subpopulation of symptomatic patients most likely exists who 
are unwilling or unable to undergo surgery, but who may be 
eligible for ESWL. 

Using a similar approach as we used in the present study, 
Brink et al’ have recently analyzed the size, number, and 
radiographic appearance of gallstones obtained from a series 
of 100 patients undergoing cholecystectomy in Boston, Mass. 
By applying standard ESWL exclusion criteria, they deter- 
mined that 15% of their patients would have been eligible for 
lithotripsy. Unfortunately, clinical data, including preoper- 
ative assessment, were not included in the study. They esti- 
mated on the basis of recent Italian epidemiologic data” that 
30% of their patients had “nonfunctioning” gallbladders (cys- 
tic duct occlusion). This 30% rate of cystic duct obstruction 
was applied once other exclusion criteria had been consid- 
ered, decreasing the proportion remaining eligible for ESWL 
from 21% to 15%. This calculation, however, fails to consider 
that patients with eystic duct obstruction may have already 
been excluded by other criteria, such as multiple, small 
stones. In agreement with the epidemiologic data,” 22% of 
patients in the present study had evidence of cystic duct 
obstruction. In only 2 patients (2%), however, was this factor 
the sole reason for exclusion, and only decreased the percent- 
age of patients eligible from 21% to 19%. 

Gallstone size and number continue to be important deter- 
minants of ESWL effieacy even after eligibility criteria have 
been fulfilled. Sackmann et al’ have reported that patients 
with single stones less than or equal to 20 mm in diameter 
have significantly higher rates of gallstone disappearance 
after ESWL with adjuvant bile acid therapy compared with 
patients with larger (21-mm to 30-mm) solitary stones or 
multiple (two to three) stones. Thus, the overall efficacy of 
ESWL depends, in large part, on the percentage of patients 
treated with favorable gallstone characteristics. 

In the West German study,’ 50% of patients had small 
solitary stones, 33% had large solitary stomes, and 17% had 
two to three stones. This gallstone profile is quite similar to 
that found in the ESWL qualifying group in the our study, 
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whica was 68%, 21%, and 16%. Overall, solitary stones were 
observed in 84% of the qualifying patients in our study com- 
pared with 83% of the West German patients actually treated 
with biliary lithotripsy. These similarities in gallstone charac- 
teristics suggest that ESWL efficacy data obtained from the 
West German experience may be applicable to Americans 
qualifying for lithotripsy. 

The overall characteristics of gallstones obtained from pa- 
tienta in the present study agree with previously reported 
data. Black pigment stones (with a cholesterol content of 
<10%) were found in 22% of patients with cholelithiasis, 
similar to previous series by Trotman et al and Trotman and 
Soloway,’ who have reported incidences of 23% and 27%, 
respectively. Sixteen (17%) of the 95 patients with gallstones 
in the present series had radiographic evidence of gallstone 
calcification. This incidence is similar to that recently report- 
ed using similar in vitro techniques (18%)” and agrees with 
previous reports on gallstone radiopacity. ” 

The size distribution of gallstones in the present study, as 
measured by the diameter of the largest stone, was slightly 
smaller than the size of gallstones in a recent Italian epidemio- 
logic study,” which focused on a predominantly asymptomatic 
poputation. Only 35% of patients with cholelithiasis in the 
Italian analysis had stones less than 15 mm in size, compared 
with 59% in the present study. This difference may be related 
to previous observations suggesting that patients with small 
gallstones are more likely to develop biliary symptoms and/or 
obstruction” and, as a result, are also more likely to require 
surgery. Our observation that pigment stones were associ- 
ated with a higher incidence of acute cholecystitis compared 
with cholesterol stones may be related to the fact that pig- 
ment stones were significantly smaller. A recent series of 387 
consecutive patients undergoing cholecystectomy in South 
Australia noted that the largest gallstone was less than 15 mm 
in 61% of patients.” This figure is similar to our observed 
incidence of 69%. 

In eur study, 20 patients (20%) would have qualified for oral 
bile aeid therapy. Previous estimates of the proportion of the 
population with gallstones eligible for oral dissolution therapy 
have ranged from 15% to 35%.**" A successful outcome with 
this therapy requires a patent cystic duct, which allows the 
litholytic agents access to the gallbladder lumen, and the 
presence of small, noncalcified cholesterol gallstones. The 
efficaey of chenodeoxycholic and ursodeoxycholic acid is 
greatiy diminished when administered to obese patients.” 
For this reason, many studies,” including the present series, 
have ased obesity as an exclusion criteria. If this factor was 
not considered, the proportion of patients eligible for bile acid 
therapy in the present study would have increased from 20% 
to 28S. 

The 20% of patients eligible for bile acid therapy in this 
analysis is probably an overestimate of the number of patients 
who would have realistically qualified. The severity of preop- 
erative symptoms and patient compliance were not assessed 
in this study. Unlike ESWL and cholecystectomy, oral disso- 
lution agents often require daily dosing for over a year to 
achieve symptomatic relief and gallstone disappearance. 
Many patients are unwilling or unable to tolerate these re- 
quirements. Interestingly, of the 20 patients who had no 
exclusion criteria and would have qualified for bile acid thera- 
py, 4 patients (20%) were found to have pigment gallstones 
and, thus, would have received little benefit from this 
treatment. 

The proportion of the population eligible for nonoperative 
therasy may expand in the future as clinical experience with 
these modalities accumulates and the present eligibility crite- 
ria become relaxed. Technological advances may allow the 
fragmentation of large (>30 mm) or multiple (three to five) 
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gallstones. By eliminating these criteria, the percentage of 
patients eligible for ESWL would have increased from 19% to 
20% for large stones and to 22% for multiple stones. Prelimi- 
nary data also suggest that ESWL may be effective in frag- 
menting calcified gallstones.” If patients with calcified stones 
had been considered eligible for lithotripsy in the present 
study, the percentage of eligible patients would have in- 
creased from 19% to 24%. Even if these patients with large, 
multiple, or calcified stones had been eligible, still only 28% of 
the patients in this study would be candidates for ESWL. 

The current exclusion criteria for oral bile acid therapy will 
likely remain the same in the near future unless radically new 
agents are developed. The direct infusion of such solvents as 
methyl tertbuty] ether into the gallbladder is another nonop- 
erative approach that may gain popularity in the future.’ Like 
oral bile acid therapy, methyl tertbutyl ether is primarily 
effective only in functioning gallbladders with noncalcified, 
cholesterol gallstones, although stone size appears to be less 
important. Presently, however, this approach remains ex- 
perimental because of the relative increased risks with this 


more invasive procedure and the use of a potentially more 
toxic solvent. 

The number of patients who actually receive namsurgical 
therapy in the future will depend on carefu! consideration of 
the relative cost-effectiveness of these newer modalities com- 
pared with traditional operative therapy. A preliminary com- 
puter-assisted analysis from this institution suggests that the 
subgroup of qualifying patients where ESWL will be most 
cost-effective are patients with solitary stones less than 20 
mm in diameter.“” Only 12 patients (12%) meeting these 
specific criteria were identified in the present analysis. If 
ESWL treatment is offered only to these patients approxi- 
mately 60 000 of the 500 000 Americans undergoing-cholecys- 
tectomy each year will be candidates. If present inclusion 
criteria for ESWL persist, approximately 95 000 Americans 
will be eligible for biliary lithotripsy annually. Similarly, with 
present inclusion criteria approximately 175 000 patients cur- 
rently undergoing cholecystectomy may qualify ‘or either 
ESWL and/or bile acid treatment each year. 
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Discussion 


CARLOS A. PELLEGRINI, MD, San Francisco, Calif: Drs Deveney 
and Way and I prospectively studied 100 consecutive patients who 
had cholecystectomy at the San Francisco Veterans Administration 
Medical Center and found, after applying criteria similar to those of 
the authors, only 32 patients would have been considered for bile acid 
therapy. However, findings at surgery showed that 12 of these 
patients had pigment stones and 10 of the remainder had cholesterol 
stones greater than 1 cm in diameter. We finally concluded that about 
15% of our population, which was composed mainly of older male 
patients, could have potentially benefited from bile acid therapy. The 
most interesting aspect of our study, however, was the analysis of 
patients who, because of associated diseases, were considered high 
risk for surgery. This was the group that would have been expected to 
benefit the most from medical therapy. Paradoxically, these patients 
had a greater incidence of contraindications to dissolution therapy. 
Complications of cholelithiasis were clustered in this group; the inci- 
dence of pigment stones, common bile duct stones, and nontunction- 
ing gallbladders was greater than in the rest of the patients. Indeed, 
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80% of emergency operations were performed in this group, who 
represented 37% of the total. Thus, the group that would benefit the 
most was the least likely to meet the criteria for bile acid d:ssolution. I 
wonder whether the authors examined separately patients at high 
risk for cholecystectomy. 

Extracorporeal shock wave lithotripsy adds to the medical arma- 
mentarium that can be used to treat cholelithiasis. The mpact that 
this new form of therapy will have is not yet clear but it is apparent, as 
is the case with bile acid therapy, that ESWL has major limitations. 
For example, recent data from Munich, West Germany. show that 
when surgery and ESWL are available, about 35% of patients are 
treated by ESWL. Morbidity was higher after ESWL than after 
surgery, but surgery had a 0.4% mortality rate and no patient treated 
with ESWL died. However, recurrence rate at 6 months was 10% for 
patients treated by ESWL, and ESWL treatment was only 85% 
successful overall. Extracorporeal shock wave lithotripsy is an effec- 
tive method of fragmenting noncalcified stones and — while this may 
be all that is needed in the case of common bile duct stones — effective 
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therapy for gallbladder stones requires complete elimination of frag- 
ments from the gallbladder. This is rarely the case unless dissolution 
agents are used. Furthermore, what is becoming clear now is that 
ESWL is expensive. The lithotriptors cost over $1 million and new 
modifications (ie, computerized targeting) are likely to render the 
present ones outmoded soon. In view of the current economic limita- 
tions on health care, where should the lithotriptors be located? Who 
do you think should be doing lithotripsy, who should select the 
patients, and what is the role of the surgeon? At University of 
California, San Francisco, we have formed an interdepartmental 
group composed of zastroenterologists, surgeons, and radiologists 
who will participate in the selection, treatment, and follow-up of 
patients with cholelithiasis. We believe this is an adequate forum to 
discuss the options and choose the best treatment while involving 
those with knowledge and experience in the treatment of 
cholelithiasis. 

JOELJ. ROSLYN, MD, Los Angeles, Calif: The Mayo Clinic, Roches- 
ter, Minn, looked at contact dissolution of gallstones in which percuta- 
neously placed catheters infuse a cholesterol-dissolving agent into 
the gallbladder to dissolve gallstenes. If surgeons are going to contin- 
ue to have an active role in the management of patients with gall- 
stones, we must become intimately acquainted with the data regard- 
ing these modalities. There are very limited published data available 
on biliary lithotripsy. 

There are a number of issues relating to the future of biliary 
lithotripsy. 

The group in Munich selected their patients very carefully. They 
were basically good-risk patients with American Society of Anesthe- 
siology classifications of I and II. Their patients did not have acute 
symptoms, but had symptoms of recurrent biliary colic. 

In surgery, when the gallbladder is removed, the symptoms disap- 
pear immediately. With lithotripsy you cannot guarantee that. It has 
been shown in a study from West Germany that it may take several 
months for the stones to pass, and in fact, the incidence of biliary colic 
was 35%. In addition, 5% of their patients had cystic duct obstruction 
and 2% had acute pancreatitis; so there are some complications 
associated with biliary lithotripsy that we need to be aware of. 
Treating stones with the lithotriptor includes adjuvant bile acid 
therapy with either chenodeoxycholic or ursodeoxycholic acid. The 
cost-effectiveness of biliary lithotripsy has to consider the various 
diagnostic tests that one will have to use in terms of follow-up as well 
as the cost of the machine itself, and also the cost of the medical 
therapy that is essential to the ultimate success of biliary lithotripsy. 
Stone recurrence has been predicted by the group in West Germany 
to be in excess of 50% at 5 years. The ultimate cost-effectiveness 
analysis must consider recurrent stones as well. 

Steve FacHE, MD, Vancouver, Canada: Patients treated with the 
biliary lithotriptor at Vancouver General Hospital are in two separate 
groups. Group A patients are those who are not surgical candidates or 
those in whom surgical bile duct stone extraction has failed. This 
group is directly referred to the radiology department. We have an 
advisory committee made up of gastroenterologists, general sur- 
geons, radiologists, and one pathologist advising us. 

Group B patients are those who must fulfill criteria similar to the 
Munich group. We, however, decided early on that we would not use 
any orally administered agents and so were more liberal in our 
criteria. The first criterion is a person who has symptomatic gall- 
stones and is willing to accept lithotripsy but unwilling to accept 
surgery. Clearly, the number of stones is related to the success of the 
treatment. Patients with more stones do clear the fragments but they 
do take longer. Our criteria includes up to six stones, and we have had 
success in fragmenting and slow success in clearance of those frag- 
ments. Using ultrasound to target stones, it is possible to treat stones 
smaller than 5 mm, even down to 2 or 3 mm. Exclusion criteria for 
lithotripsy may be liberalized. A patient suffering from cholecystitis 
could be treated medically and, after resolution, the patient could 
then have lithetripsy. Similarly, a patient suffering from acute gall- 
stone pancreatitis is not a candidate for lithotripsy, whereas they 
might subsequently become a candidate. 

The authors of this study have proposed a very restrictive group of 
criteria and it is too early to know what the definitive criteria for 
lithotripsy will be. 
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Dr Pirr: In the San Francisco study, approximately two thirds of 
potentially eligible patients had pigment stones. Oral bile acid thera- 
py would have been successful in these patients. Among the 20 
patients who would have been eligible for bile acid therapy in our 
analysis, 16 had cholesterol stones. The higher incidence of cholester- 
ol stones in our population makes oral bile acid therapy more attrac- 
tive, especially since ursodeoxycholic acid has been approved by the 
Food aad Drug Administration. When we compared our eligible and 
noneligible patients, they were quite similar in age, sex, race, and 
associated disease, such as cirrhosis or diabetes. Eligible patients 
were not higher risk. 

How many centers should be performing biliary lithotripsy? One 
variable is how active each center would be. The procedure itself 
takes about 1 hour to perform, although positioning and sedating the 
patientmay take another 45 minutes. Thus, one center could possibly 
treat 4to 6 patients per day. If 95 000 eligible patients per year is a 
correct figure for the United States and if one machine could be used 
to treat 15 to 20 patients per week, somewhere between 95 and 125 
centers would be needed. At the present time, eight companies are 
introducing various machines in the United States. As a result, at 
least 59 centers are already treating patients. If you do not open a 
center in the next year or 2, it may not be cost-effective to do so 
thereafter. 

A maltidisciplinary group of surgeons, gastroenterologists, and 
radiologists is the approach at Johns Hopkins. The key is getting 
those people already involved to work together. 

Eligibility criteria for ESWL may be changing. With this in mind 
we looked at our data with respect to larger stones, a greater number 
of stones, and calcified stones. If we had considered patients with 
stones larger than 3 cm to be eligible, our patient population would 
have inereased from 19% to 20%. The efficacy of ESWL goes down 
considerably with a larger number of stones. If we had included 
patients with five or fewer stones, the percentage of patients eligible 
for ESWL would have increased from 19% to 22%. If we had consid- 
ered patients with calcified stones as eligible, the percentage of 
patients eligible for ESWL would have increased from 19% to 24%. If 
all three of these additional criteria were included, the percentage of 
eligible patients would have increased from 19% to 29%. Even with 
broader eligibility criteria, only a minority of patients would be 
eligible. 

The distribution of patients eligible for ESWL was similar to that 
reported from West Germany. Twelve of the 19 eligible patients had a 
single, moderate-sized stone. When the single stone is larger than 20 
mm, the efficacy of ESWL decreases. With more than one stone, the 
likelihcod of a successful outcome with ESWL is reduced even 
further. 

Cost-effectiveness has been examined with two medical technology 
experts, Eric Bass, MD, and Earl Steinberg, MD, at our institution. 
Present data on lithotripsy and cholecystectomy from the literature, 
and on cost at our institution, were reviewed. Using a sophisticated 
computer model, we projected ahead 5 years to determine which 
patients would have the best outcome and the least cost. We found 
that for patients with a single stone less than 20 mm in diameter, 
quality-adjusted survival was better for ESWL at all ages for both 
sexes. Remember, however, that this subset represents only 12% of 
patients undergoing cholecystectomy. With a single stone larger than 
20 mm. ESWL was also more effective, in terms of survival, for 
women older than 40 years and men older than 32 years. However, for 
patients with two or three stones, surgery produced the best quality- 
adjusted survival up to age 84 years for women and 72 years for men. 

Overa 5-year follow-up period, the overall cost of cholecystectomy 
at our institution is approximately $7500. With the single, less than 
20-mm stone where ESWL is most efficacious, the cost for lithotripsy 
over 5 years is already more than $9500. With a larger single stone, 
and especially with multiple stones, the cost of ESWL goes up 
dramatucally to more than double the cost of cholecystectomy. When 
you realize that some patients who undergo ESWL may survive for 
40 to 50syears, these costs may need to multiplied by 8 or 10 because of 
the expected high recurrence rate. Thus, the eventual role that 
ESWL will assume may depend on our society’s willingness to pay for 
a procedure that will clearly be more costly than surgery. 
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Clarifying the Role of Fine-Needle Aspiration 


Cytologic Evaluation and Frozen Section 


Examination in the Operative Management 


of Thyroid Cancer 


Kelly H. Kopald, MD; Lester J. Layfield, MD; Renee Mohrmann, MD; Leland J. Foshag, MD; Armando E. Giuliano, MD 


è The final histologic diagnoses of 486 patients who under- 
went thyroidectomy at UCLA Medical Center from March 1975 to 
August 1988 were reviewed. There were 146 patients with a 
diagnosis of thyroid malignant neoplasm. All patients who had 
preoperative fine-needle aspiration cytologic evaluation, intrao- 
perative frozen section analysis, or both were included in the 
present study. Carcinoma was diagnosed by frozen section in 87 
(69%) of 126 cases. Frozen section analysis was incorrect in 39 
(31%) of 126 cases. Fine-needle aspiration was performed in 62 
patients. A malignant neoplasm was identified by fine-needle 
aspiration in 44 (71%) of 62 cases. Fifty-six patients had both 
preoperative fine-needle aspiration and intraoperative frozen 
section analysis, and carcinoma was detected by both methods 
in 32 (57%) of 56 cases. Fine-needle aspiration cytologic evalua- 
tion is extremely valuable in the diagnosis of thyroid cancer and 
is at least as accurate as frozen section analysis with less mor- 
bidity and expense. When fine-needle aspiration demonstrates 
malignant neoplasm, thyroid resection may be planned with 
confidence. 

(Arch Surg. 1989;124:1201-1205) 


$ onventional preoperative evaluation of the thyroid nod- 
ule, including history, physical examination, radionu- 
clide scans, and ultrasonography, has repeatedly been shown 
to be inadequate in predicting the occurrence of thyroid can- 
cer.” Since thyroid nodules are common, distinguishing be- 
tween benign and malignant lesions preoperatively is essen- 
tial to avoid large numbers of unnecessary operations and to 
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treat patients with cancer in one operation to avoid the high 
rate of complications associated with reoperation. 

Fine-needle aspiration (FNA) cytologic evaluation has 
become popular in some centers for the preoperative differen- 
tiation of benign from malignant thyroid nodules.** Despite 
its reported high sensitivity and specifity, surgeons have 
been reluctant to adopt cytologic evaluation as a definitive 
preoperative test to plan thyroid operations. Traditionally, 
intraoperative frozen section analysis has been used to deter- 
mine the extent of thyroid resection and has been widely 
accepted. Yet, clinical experience has shown frozen section 
examination to be reliable in only two thirds of operations for 
thyroid cancer. This accuracy rate has often compromised the 
operative strategy for the treatment of thyroid cancer.’ 

The present study was undertaken to examine the results 
of FNA cytologic evaluation and intraoperative frozen section 
analysis for the diagnosis of proved thyroid cancers. A role for 
each modality in the management of thyroid cancer will be 
proposed. 


MATERIALS AND METHODS 


Patients undergoing thyroidectomy at the UCLA Center for the 
Health Sciences from March 1975 to August 1988 were identified from 
the Department of Pathology’s surgical disease database. These 
patients’ charts were reviewed and all cases with a final histologic 
diagnosis of thyroid malignant neoplasm were chosen for further 
investigation. Those patients with either a frozen section diagnosis, 
FNA, or both were included in the present study. 

The FNAs were performed by three groups of physicians (aspira- 
tion service cytopathologists, in-house endocrinologists, and commu- 
nity-based physicians). Aspirates were obtained with a 22-gauge 
needle attached to a plastic syringe held in a syringe holder(Cameco 
Syringe Pistol, Precision Dynamics, San Fernando, Calif), Three 
aspirations were usually made without anesthesia. After palpation 
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and localization of the nodule, the overlying skin was cleaned with an 
aleohol swab. The nodule was fixed between the index and middle 
fingers of the left hand. The needle was rapidly introduced through 
the skin and into the nodule, suction was applied by drawing back on 
the syringe plunger, and rapid back and forth strokes were made 
within the lesion for approximately 5 to 10 seconds. The vacuum was 
then released, the needle withdrawn, and a gauze pad placed over the 
puncture site fer hemostasis. When cyst fluid was obtained, the cyst 
was drained and any residual nodule reaspirated. The material was 
smeared on glass slides, air-dried or fixed in 95% aleohol, and stained 
with May-Griinwald—Giemsa stain or Papanicolaou’s stain. 

Fine-needle aspirates obtained from thyroid nodules were classi- 
fied into the following diagnostic groups: thyroiditis, follicular neo- 
plasm, nodular goiter, papillary carcinoma, follicular carcinoma, 
medullary carcinoma, squamous cell carcinoma, and inadequate for 
diagnosis. Chrenic thyroiditis was defined by a prominent polymor- 
phous population of lymphoid cells with a mixed population of thyroid 
epithelial cells. When Hurthie cell metaplasia was prominent, a diag- 
nosis of Hashimoto's thyroiditis could be made. A follicular neoplasm 
was a cell-rich smear with a monomorphic or rarely pleomorphic 
population of epithelial cells. Colloid was often scanty and microacini 
were easily found. Syncytial masses with nuclear overlapping were 
present at times. Nodular goiters had low to modest cellularity with 
abundant watery or thick colloid. There was a mixed cell type with 
follicular and Hiirthle-type epithelial cells with a small number of 
lymphocytes and histiocytes. Microfollicles were rarely found. Papil- 
lary carcinomas were characterized by cell-rich smears with papillary 
clusters. The epithelial cells may have shown enlarged nuclei, and 
nuclear cytoplasmic inclusions or nuclear folds were commonly pre- 
sent. The background contained thick “bubble gum” colloid, psam- 
moma bodies, and benign multinucleated giant cells. “Ground-glass” 
nuclei may also have been present. Medullary carcinoma was identi- 
fied by cell-rich smears with a mixture of plasmacytoid and spindle- 
shaped cells. There was background amyloid and rare cells showing 
purple cytoplasmic granules on May-Griinwald—Giemsa staining. Cell 
dyshesion was prominent. In anaplastic carcinoma, there was 
marked cellular pleomorphism with bizarre spindle-shaped and giant 
cells. Mitotic figures were also seen. 


RESULTS 


Four hundred eighty-six patients underwent thyroidecto- 
my at our institution between March 1975 and August 1988. 
One hundred forty-six patients were diagnosed as having 
thyroid cancer by permanent hematoxylin-eosin sections and 
had frozen section examination, FNA, or both. These pa- 
tients ranged in age from 5 to 91 years, and there were 97 
women and 49 men. Final histologic diagnoses are shown 
below. 


Histologic Diagnosis No. of Patients 
Papillary careinoma 114 
Follicular carcinoma 21 
Medullary carcinoma 4 
Hiirthle cell earcinoma 2 
Anaplastic carcinoma 2 
Thyroid carcinoma (not otherwise specified) 2 
Squamous cell carcinoma 1 
Total 146 


Of these 146 patients, 126 (86%) had intraoperative frozen 
section analysis. Sixty-two (43%) of the patients in our study 
had FNAs, and 56 (44%) had both preoperative FNA and 
intraoperative frozen section analysis. Fine needle-aspiration 
cytologic evaluation has been used at our institution since 
1981. 

Of the 126 proved thyroid cancers examined on frozen 
section, a carcinoma was correctly diagnosed in 87 cases 
(69%). Seventy-three (60%) of these correct frozen section 
diagnoses were obtained from examination of the thyroid 
nodule, while the remaining 14 malignant neoplasms were 
identified from examination of metastatic deposits in lymph 
nodes. In these 14 cases, examination of the nodule itself had 
been nondiagnostic. The frozen section and FNA histologic 
diagnoses are shown below. 
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No. of Patients 
——\ 


Histologic Diagnosis FS FNA 
Papillary carcinoma 60 37 
Follieular carcinoma 11 1 
Thyroid carcinoma (not otherwise stated) 6 0 
Medallary carcinoma 4 1 
Metastatic carcinoma 3 1 
Anaplastic carcinoma 2 1 
Squamous cell carcinoma 1 1 
Atypical cells suggestive of carcinoma 0 2 
Nodular goiter 15 6 
Nodular goiter with atypia 0 1 
Follicular neoplasm 9 9 
Atypical follicular nodule 3 0 
Thywoiditis 3 0 
No evidence of malignancy 9 0 
Insuficient for diagnosis 0 2 
Total 126 62 


Thirty-nine (31%) frozen section examinations failed to accu- 
rately identify thyroid cancer. The nonmalignant diagnoses 
are shawn above and include nodular goiter, follicular neo- 
plasm, no evidence of malignancy, atypical follicular nodule, 
and thyroiditis. 

Fine-needle aspiration cytologic evaluation was performed 
in 62 patients (49%) and accurately identified the malignant 
neoplasm in 44 (71%) cases. These malignant cytologic diag- 
noses are shown above and include papillary carcinoma, atyp- 
ical cells suggestive of carcinoma, poorly differentiated carci- 
noma, follicular carcinoma, medullary carcinoma, squamous 
cell carzinoma, and metastatic adenocarcinoma. Two of the 
nine false-negative FNAs were insufficient for diagnosis. The 
tabulation above also shows the seven remaining false-nega- 
tive cytologic diagnoses (nodular goiter [n=6] and nodular 
goiter with atypia [n=1]). An additional nine cases were 
placed in the equivocal category of follicular neoplasm. 
Among the nine follicular neoplasms, four were accurately 
identified as carcinoma by frozen section examination. No 
significant complications occurred using FNA. There were 
occasional ecchymoses and rare hematomas, none of which 
were symptomatic. 

Fifty-six patients (44%) had both preoperative FNA and 
intraoperative frozen section evaluation. Carcinoma was ac- 
curately detected by both methods in 32 patients (57%). Fine- 
needle aspiration was correct in 10 cases (18%) where frozen 
section examination had been in error. There were only 6 
cases (11%) where frozen section examination demonstrated a 
malignent neoplasm but preoperative FNA results had been 
negative. The tabulation below shows the results in 56 pa- 
tients with both frozen section and FNA examinations. 


Findings No. of Patients 
Both Giagnostic 32 
Both rondiagnostic 8 
FNA diagnostie/frozen section diagnostic 10 
Frozer section diagnostic/F NA nondiagnostic 6 
Total 56 


Fine-needle aspiration correctly identified the presence of a 
malignant neoplasm in 42 patients (75%) and frozen section 
examination was correct in 38 patients (68%). Both FNA and 
frozen =ction evaluation were falsely negative in only 8 pa- 
tients (14%) with thyroid cancer. Five of these cases were 
follicular neoplasms and 3 were small incidental carcinomas 
not in the index nodule. 


COMMENT 


Four percent of Americans have a clinically significant 
thyroid nodule,” yet it is estimated that only 11 000 cases of 
thyroid carcinoma will occur in 1989.’ The clinical challenge 
has beer to identify those nodules most likely to be malignant 
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and to minimize the number of operations performed for 
benign disease. No preoperative tests can definitively distin- 
guish benign from malignant thyroid nodules. Traditionally, 
radionuclide imaging with technetium or iodine and ultrason- 
ography have been the most useful.’* However, most “cold” 
(hypofunctioning) nodules are benign, and only 15% to 20% 
are malignant. In addition, approximately 5% to 10% of 
“warm” (normofunctioning) nodules are malignant, and as 
many as 20% of “hot” (hyperfunctioning) nodules may be 
malignant. Ultrasonography will accurately identify cysts. 
Purely cystic lesions under 4 cm in diameter are nearly always 
benign, but complex cysts or mixed lesions may be malignant 
in up to 25% of cases.* Using both ultrasonography and radio- 
nuclide scans, approximately 50% of operations will disclose 
benign disease. | 

Fine-needle aspiration cytologic evaluation has been used 
to diagnose malignant disease in many organs for the past 50 
years. In 1952, Soderstrom’ used FNA for the investigation of 
thyroid nodules. It is a relatively simple technique requiring 
no anesthesia and is not associated with serious complica- 
tions. The most commonly reported complications include 
small hematomas with infrequent compression of the recur- 
rent laryngeal nerve. Rarely reported in other types of can- 
cer, the seeding of thyroid carcinoma along the needle tract 
from FNA has not been reported.” Fine-needle aspiration 
biopsy should be distinguished from large-needle biopsy and 
“Tru-cut” needle biopsy. The latter techniques use larger 
needles, and the specimens are processed as tissue rather 
than cytologic smears. They are associated with a higher 
complication rate and are generally not as accurate as FNA.” 
Furthermore, these methods provide reliable biopsy results 
only for nodules over 2 cm in diameter. 

The use of FNA cytologic diagnosis has been reported by 
several authors to be highly accurate in studying patients 
with thyroid disease. Hamburger and Hamburger” estimated 
FNA to have an accuracy of 91% in identifying carcinoma in 
patients with high-risk lesions. Hawkins et al” reviewed 415 
patients who had preoperative FNA and found this technique 
to have a sensitivity of 86.3%. Colacchio et al” reported an 
83% diagnostic yield using FNA in 24 patients who were 
found to have carcinoma on permanent section. Hsu and 
Boey™ in 1987 reported an accuracy of 74.5% using FNA in 
patients with primary tumors of the thyroid and an accuracy 
of up to 90% for tumors metastatic to the thyroid. The false- 
negative rate of FNA is reported to be 1% to 6.3%.” Jarvi et 
al" reported a false-negative rate as high as 50% in a study of 
20 patients with thyroid malignant neoplasm. They attribut- 
ed these poor results to inexperienced operators. It is clear 
that FNA is operator dependent and requires good communi- 
cation between the surgeon and cytopathologist. 

Our study indicates that FNA is at least as sensitive as 
frozen section examination (71% and 69%, respectively) for 
the detection of carcinoma. Most authors consider the catego- 
ries of equivocal, suspicious, atypical, and follicular neo- 
plasm as diagnostic for malignancy when evaluating the accu- 
racy of FNA. In our study, if atypical and follicular neoplasm 
are considered diagnostic, the accuracy rate of FNA becomes 
86%. Even with multiple clinicians performing FNA, techni- 
cally adequate specimens were obtained in 97% of cases and 
there were no serious complications. Of the 18 aspirates that 
failed to make a definitive diagnosis of cancer, 2 specimens 
were insufficient for diagnosis, 6 were from nodular goiters 
with associated carcinoma, and 9 were reported as follicular 
neoplasms. Nodular goiter and follicular neoplasm were also 
the most frequent erroneous frozen section diagnoses. It can 
be concluded that in our hands, FNA is a safe and reliable 
method of evaluating thyroid nodules precperatively and is 
highly accurate in detecting thyroid malignant neoplasm. 
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Follicular lesions have been responsible for the majority of 
incorrect FNA diagnoses. Kini et al” reported a series of 79 
cases diagnosed cytologically as adenomas, but histologic 
study disclosed 11 of these lesions to be hyperplastic nodules 
and another 14 cases to be follicular carcinomas. This diagnos- 
tically difficult area has led many authors to adopt the non- 
committal terminology of “follicular neoplasm” for both follic- 
ular adenoma and follicular carcinoma. To distinguish 
follicular adenoma from follicular carcinoma, it is generally 
necessary to see invasion of the capsule, lymphatics, or blood 
vessels. This cannot be seen cytologically. 

A second area of diagnostic difficulty involves the proper 
classification of thyroid nodules containing Hiirthle cells. 
Cells showing oncocytic change may be seen in Hashmoto’s 
thyroiditis, nodular goiter, papillary carcinoma, and adeno- 
mas. While the cytologic diagnosis of Hashimoto's thyroiditis 
is rarely a problem, the distinction of Hiirthle cell change in 
colloid nodules from Hiirthle cell neoplasms is at times 
difficult. 

Papillary carcinomas yielding papillary fronds are rarely a 
diagnostic problem, but cases devoid of these structures can 
lead to the underdiagnosis of this neoplasm. The absence of 
papillary fronds may be due to sampling error or due to the 
presence of the follicular variant of papillary carcinoma. The 
purely follicular variant of papillary carcinoma may be incor- 
rectly classified as a follicular neoplasm if the fine structural 
nuclear details of intranuclear cytoplasmic inclusions and nu- 
clear grooves are not recognized. In addition, as demon- 
strated in our series, some papillary carcinomas present as 
occult sclerosing tumors, which are not within the index 
nodule and hence not sampled at aspiration. While the pres- 
ence of psammoma bodies, intranuclear cytoplasmic invagina- 
tions, and nuclear folds are characteristic of papillary carcino- 
ma, they are occasionally seen in other lesions.’ The 
nonspecificity of these cytologic features can result in inter- 
pretative errors leading to the underdiagnosis of papillary 
carcinoma. In some cases, definitive cytologic diagnosis of 
papillary carcinoma may be impossible and open biopsy is 
then required. 

Accuracy in intraoperative frozen section examination is 
hampered by both technical and interpretative problems. In 
most cases, sampling is limited and only a few sections can be 
taken of a given nodule. Fresh tissue is more difficult to orient 
and mount than formalin-fixed specimens. These limitations 
generally decrease the ability to demonstrate capsular and 
vascular invasion and other small localized changes such as 
rare papillary structures. In addition, frozen section artifact 
makes study of fine nuclear detail difficult and cytologic fea- 
tures such as nuclear folds and ground-glass nuclei may not be 
recognized. These inherent difficulties of frozen sectian eval- 
uation become most apparent when distinguishing between 
nodular goiter, follicular adenoma, and follicular carcinoma. 
Failure in accurately making this differential diagnosis was 
responsible for the majority of false-negative frozen section 
diagnoses in our series. 

Hamburger and Hamburger” felt that 99% of frozen sec- 
tions could be eliminated if FNA were done preoperatively. 
In a series of 359 patients, FNA and frozen section examina- 
tion were both 90% accurate in predicting a benign lesion in 
patients who were low risk for malignant neoplasm. In pa- 
tients who were felt to be at high risk for cancer, FNA was 
91% accurate, whereas frozen section examination was only 
70% accurate. Nodules with an intermediate risk of cancer 
were unreliable by either frozen section examination or FNA. 
Keller et al’ studied 46 patients who had both FNA and frozen 
section examination. The sensitivity of FNA was 90% com- 
pared with 60% for frozen section examination. Frozen sec- 
tion examination did not alter the surgical plans for resection. 
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Keller concluded that frozen section examination was helpful 
only when the cytologic diagnosis was read as “suspicious for 
malignancy.” 

In our series, when both FNA and frozen section examina- 
tion were performed on the same specimen, slightly more 
FNAs were accurate than frozen section examinations. In 
only eight specimens did neither technique identify a malig- 
nant neoplasm. Five of these cases were incorrectly diag- 
nosed as follicular neoplasms, with the remaining three pa- 
tients having incidental (occult) carcinomas. Occult carcinoma 
can be found in 13% to 25% of thyroid glands examined, and 
the biologic significance of these neoplasms remains un- 
known. Mishiyama et al” studied 2- to 3-mm sections in 100 
autopsy specimens and found an incidence of 13%. Tollefsen et 
al” performed 70 necropsies and found an incidence of 25%. 

Currently, we have adopted FNA as the initial diagnostic 
procedure for euthyreid patients with a thyroid nodule. The 
results of FNA are then used to plan the operation. For those 
patients in whom FNA demonstrates a careinoma, definitive 
operation, usually total thyroidectomy, can be performed. In 
those patients where FNA shows follicular neoplasm or aty- 
pia, thyroid lobectomy and intraoperative frozen section ex- 
amination should be performed. Any suspicious lymph nodes 
should be examined by frozen section at the time of surgery. 


The patients in whom neither preoperative FNA nor intra- 
operative frozen section examination reveals cancer but in 
whom permanent section of the thyroidectomy specimen re- 
veals carcinoma require reoperation. Some of these patients 
may heve an occult carcinoma of the papillary type. In others, 
sampling problems likely resulted in failure to recognize the 
malignant nature of the tumor. Occult or incidental carcino- 
mas are inevitable in thyroid surgery, and these findings on 
permanent section are unavoidable despite preoperative 
evaluation. Sampling errors are bound to occur with any 
technique that does not examine the entire lesion. New tech- 
niques such as DNA analysis of cytologic specimens may 
increase the diagnostic accuracy of FNA in the preoperative 
evaluation of thyroid disease.” In cases where preoperative 
needle aspiration cytologic evaluation shows a benign nodule 
but there is a strong clinical suspicion for malignancy (ie, 
rapid growth and symptoms or a history of radiation expo- 
sure), eperation should be performed. Patients with clinically 
and cy-ologically benign nodules can be carefully followed up 
with repeated FNA and physical examination. Using this 
approach, only rare thyroid carcinomas will be overlooked 
and most patients can be successfully treated at a single 
operat on. 
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Discussion 


ORLO H. CLARK, MD, San Francisco, Calif: Aspiration biopsy 
cytology (ABC) is a cost-effective technique when an experienced 
cytologist is available. It is safe, expedites treatment, allows the 
patient to discuss the pros and cons of surgery, and influences the 
preoperative evaluation of patients with, for example, medullary 
carcinoma who need to have a serum calcitonin level determined, and 
a 24-hour urine sample for vanillylmandelic acid metanephrines, and 
catecholamines to rule out pheechromocytoma before the thyroidec- 
tomy. Aspiration biopsy cytology has reduced unnecessary diagnos- 
tic explorations by over 50% and increased the frequency of cancer in 
the removed specimens. 

I do not, in general, recommend ABC in patients who have been 
exposed to low-dose therapeutic radiation, beeause 40% of these 
patients have thyroid cancer somewhere within the thyroid gland, 
and in 40% of patients undergoing irradiation the cancer is not in the 
index nodule but is situated elsewhere within the thyroid gland. 
Aspiration biopsy cytology results are unreliable in these patients. 
The results of ABC should never overrule good clinical judgment. For 
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example, when there is a hard nodule in the thyroid gland or ipsilater- 
al enlarged cervical lymph nodes next to a thyroid nodule, thyroid 
cancer is likely, even with a benign cytological specimen, and a 
thyroidectomy should be dane. 

To obtain reliable clinical information from ABC, one must sepa- 
rate the cytologic results into four categories: (1) cancerous, (2) 
suspicious (follicular and Hiirthle cell neoplasms), (3) benign, and (4) 
inadequate specimen. 

Wher a thyroid nodule is diagnosed as cancer by ABC, it is cancer 
99% of the time (ie, 1% false-positive). About 20% of thyroid nodules 
identified by ABC are follicular or Hiirthle cell neoplasms, and about 
20% of hese are cancer. Cancer can be diagnosed in these patients 
only by documenting capsular or angioinvasion, and thus a diagnostic 
lobectomy is required. However, in patients with a follicular neo- 
plasm, a radioactive scan is helpful because if the nodule is hot, it is 
not caneer and surgical removal is unnecessary unless the patient is 
thyrotoxic. Benign thyroid nodules by ABC do not need to be re- 
moved anless they are large, grow, or cause symptoms. When the 
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cytologic specimen is inadequate, it should be repeated to obtain 
tissue for diagnosis. 

In my own practice, if the cytologic examination is diagnostic of 
cancer, I usually perform a total thyroidectomy and do not use frozen 
section evaluation. I have only had two false-positive examinations of 
more than 500 patients. One patient was diagnosed as having an 
undifferentiated thyroid cancer, but in reality had subacute thyroid- 
itis. The other patient had a multinodular goiter and a papillary 
thyroid cancer. The cancer, however, was in the opposite lobe from 
the one on which a biopsy was done. In contrast, I have had several 
patients with positive ABC results for cancer and a benign diagnosis 
by frozen section evaluation, and in all such cases, the ABC diagnosis 
was correct. I would agree that the accuracy rate of frozen section 
evaluation has often compromised the operative strategy for the 
treatment of thyroid cancer. 

Patients with follicular neoplasms detected by ABC that are cold on 
radionuclide scan present a more difficult problem. In these patients, 
I perform a diagnostic lobectomy unless thyroid cancer is diagnosed 
during the operative procedure. When cancer is subsequently diag- 
nosed at permanent section, I do another operation. Following re- 
moval of the specimen, I section it to see whether there is any gross 
evidence of invasion. If not, I usually do not obtain a frozen section 
because it has not been helpful and is often misleading. Obviously, if 
there were an enlarged lymph node or other abnormality, I would 
obtain a frezen section. The problems with frozen section are that (1) 
few sections are taken, (2) the pathologist does not want to distort the 
permanent specimen, (3) tissue is more difficult to orient, (4) cytologic 
features are less distinct, and (5) the most experienced pathologists 
may be unavailable. 

Do the authors treat patients with a history of radiation exposure 
differently from other patients with thyroid nodules? Have they had 
any false-positive cytological or frozen section diagnoses? Is frozen 
section examination really helpful when only four of nine tumors were 
diagnosed by this technique? 

JAMES E. GOODNIGHT, JR, MD, Sacramento, Calif: Fine-needle 
aspiration biopsy of thyroid nodules may be used for screening or 
definitive diagnesis. This report shows that FNA biopsy is at least as 
good as frozen section examination in making a definitive diagnosis of 
carcinoma, but either one is only 70% accurate in this regard. 

Fine-needle aspiration biopsy would seem to be best used as a 
screening too] to select cases for surgery. In this circumstance, the 
key is to minimize false negatives. False positives can be tolerated 
and follicular neoplasm is an acceptable diagnosis. The pathologist 
must accurately report insufficient material for diagnosis and those 
results must be ignored. One important aspect of this study is that 
there was complete operative confirmation of the FNA biopsy re- 
sults. How can we reduce the number of cancers missed by FNA 
biopsy and the number of inadequate samples? Should we have the 
cytopathologists perform the FNA biopsy? 

LAWRENCE DANTO, MD, Davis, Calif: Can we ever be sure of the 
diagnosis of differentiated thyroid cancer by routine pathologic 
study? Even whena certain diagnosis of differentiated thyroid cancer 
is established, what does this mean as it concerns tumor biological 
features? 

Do the authors have experience with DNA analysis by either flow 
or slide cytometry in differentiated thyroid neoplasms? What does 
aneuploidy mean in terms of pathologic diagnosis of differentiated 
thyroid cancer and the tumor biological features? Conversely, what 
does diploidy mean related to tumor biologic features? 

At the University of California, Davis, there is a 20% lack of 
correlation between a certain pathologic diagnosis and what we find 
on DNA analysis. We have no idea what this means in terms of patient 
care. 

THEODORE X. O’CONNELL, MD, Los Angeles, Calif: If you do an 
FNA and the diagnosis is papillary cancer, since there are very few 
false positives you can proceed with the operation for papillary carci- 
noma without an intraoperative biopsy. 

The FNA in a follicular lesion is usually read as neoplasm, and it is 
not possible to tell whether it is benign or malignant. At the time of 
operation, in the majority of cases, a lobectomy and isthmusectomy is 
done. 

Why do frozen sections at all? With either papillary lesions or 
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follicular neoplasms, I do not redo a biopsy on the index nodule. 

JOHN R. BENFIELD, MD, Sacramento, Calif: The value of FNA is 
directly dependent on the interest of the pathologist in cytologic 
evaluation, and the accuracy of FNA changes as cytopathologic ex- 
pertise changes. 

With thyroid carcinoma, the cytopathologist is asked to make a 
very difficult diagnosis in a lesion where even permanent 
sometimes present a challenge. 

We have been using intraoperative FNA for immediate di 























have an accuracy rate approaching 100% in terms of diffe 
cancer from benign lesions. In lung carcinomas, we have be 
identify the type of cancer in 85% of intraoperative FN As. 

DR GIULIANO: Hot nodules rarely are malignant. How 
review of the literature by Van Herle there was up to 20% mali 
in hot nodules. In part, it depends on how you define a hot n 
whether the rest of the gland is suppressed. 

Distinguishing the benign follicular lesion from the mali 
licular lesion is the main problem. This distinction is probab 
sible with FNA cytologic evaluation. Any technique that 
ples a nodule is bound to have some inaccuracies. 

Incidental carcinomas can occur in up to 25% of thyroids 
carefully. We cannot eliminate the false-negative diagnosis 
find an incidental carcinoma. In patients with a history of 
therapy to the neck who have a thyroid nodule, we i 
preoperative biopsy and proceed with total thyroidectomy. 


There are several possible cytologic diagnoses; these are 

malignant, follicular neoplasm (suspicious or atypical), benig 
inadequate. We had only two specimens that were technica 
quate for diagnosis. Suspicious or atypical follicular neoplas 


section examination is of value if you would alter your operatio 
on the findings. If you perform total thyroidectomy for thyroi 


the size of the lesion, then it is important to know intraoperatively 
whether there is cancer. 

Fine needle aspiration cytologic evaluation really is a s 
tool. It helps to define which patients among the 4% of the pap 


impossible the way we e did the study, and actually it is imposs 
UCLA where FNA is accepted as the preoperative werkup, If you 
have a negative or a benign FNA cytologic evaluation, the patient 
should not be sent away but should be followed up carefully, re 
ined, and reaspirated. Should the nodule grow, it should be re 
ated and probably resected. 

At UCLA the cytopathologists do the aspirations exeept f 
which the endocrinologists continue to do. 

We have no experience with flow cytometry. In the literat 
suggested that well-differentiated lesions are not likely to have atypi- 
cal findings on flow cytometry. That is an area that warrants further 
study, particularly with FNA cytologic diagnosis. 

In addition to the importance of a skillful cytopathologist, it is 
important to communicate. Our cytologist and I speak about each 
case and I know the ones that may be a little suspicious, the ones that 
he is a little bit worried about, and thus we tend to be more cautious 
and more conservative. 

What we have presented is not the final solution, but a plan of 
management for patients with thyroid nodules that increases the 
overall diagnostic accuracy rate and permits well-planned opera- 
tions. In this study, only & of 146 cancers were missed by both 
techniques. 
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Medullary Thyroid Carcinoma 


The Need for Early Diagnosis and Total Thyroidectomy 


Quan-Yang Duh, MD; Joan J. Sancho, MD; Francis S. Greenspan, MD; Thomas K. Hunt, MD; Maurice Galante, MD; 


Alfred. A. deLorimier, MD; Felix A. Conte, MD; Orlo H. Clark, MD 


e Forty patients with medullary thyroid carcinoma and 3 pa- 
tients with C-cell hyperplasia were studied. Seventeen (40%) 
cases were sporadic and 26 (60%) were hereditary. Eight patients 
had type lla multiple endocrine neoplasia, 7 patients had type Ilb 
multiple endocrine neoplasia, and 11 patients had familial non- 
multiple endocrine neoplasia medullary thyroid carcinoma. 
Mean follow-up was 6.3 years, with actuarial survival of 88% and 
78% at 5 and 10 years (22 and 13 patients), respectively. Seven 
patients died 1.5 to 10 years after the initial operation; all had 
advanced disease at presentation (6 with distant, 1 with lymph 
node metastasis). No deaths occurred in patients with familial 
nonmultiple endocrine neoplasia medullary thyroid carcinoma, 
C-cell hyperplasia, or medullary thyroid carcinoma limited to the 
thyroid gland. Nineteen (68%) of 28 patients diagnosed without 
screening had regional or distant metastases, whereas only 6 
(40%) of 15 patients diagnosed by screening had metastases. 
Twenty-six patients treated initially with total thyroidectomy and 
central neck clearance required an average of one reoperation, 
whereas those with lesser initial procedures required an average 
of two reoperations. We concluded that (1) familial nonmultiple 
endocrine neoplasia medullary thyroid carcinoma, early medul- 
lary thyroid carcinoma or C-cell hyperplasia, and asymptomatic 
patients have a good prognosis; (2) screening for medullary 
thyroid carcinoma by measuring serum calcitonin levels results 
in earlier diagnosis; and (3) total thyroidectomy and central neck 
clearance is the procedure of choice for medullary thyroid 
carcinoma. 

(Arch Surg. 1989;124:1206-1210) 


M edullary thyroid carcinoma (MTC), which accounts for 

5% to 10% of all thyroid cancers,’ arises from the 
calcitonin (CT)-producing parafollicular cells (C-cells). Levels 
of serum CT are measured to screen for the diagnosis of 
MTC and to follow its preoperative and postoperative course. 
Total thyroidectomy is the treatment of choice because of 
tumor multicentricity, early metastases, and ineffective non- 
surgical treatments.” In this study we analyzed our experi- 
ence in the diagnosis and management of MTC at the Univer- 
sity of California, San Francisco (UCSF), and determined the 
effect of screening and total thyroidectomy on the outcome of 
therapy. 
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From the Surgical Service, Veterans Administration Medical Center, San 
Francisco, Calif (Drs Duh, Sancho, Greenspan, Hunt, Galante, deLorimier, 
Conte, and Clark): and the Departments of Surgery (Drs Duh, Sancho, Hunt, 
Galante, deLorimier, and Clark), Medicine (Dr Greenspan), and Pediatrics (Dr 
Conte), University of California, San Francisco. 

Read before the 60th Annual Meeting of the Pacific Coast Surgical Associa- 
tion, Vancouver, Canada, February 22, 1989. 

Reprint requests to Surgical Service (112), Veterans Administration Medical 
Center, 4150 Clement St, San Francisco, CA 94121 (Dr Duh). 


1206 Arch Surg—Vol 124, October 1989 


PATIENTS AND METHODS 


We studied the course of all patients treated at UCSF for MTC or 
C-cell hyperplasia from June 1960 to June 1988. There were 40 
patients with MTC and 3 with C-cell hyperplasia. Twenty-four pa- 
tients nad their initial operation at UCSF, and 19 patients had their 
initial operation elsewhere and came to UCSF for reoperations. 
Patients who were evaluated but did not have surgery at our institu- 
tion were excluded. Two patients whose MTC was diagnosed at 
autopsy were also excluded. 

Four distinct groups of patients were identified and include the 
following: (1) type Ila multiple endocrine neoplasia (MEN), (2) type 
IIb MEN, (3) familial non-MEN MTC, and (4) sporadic MTC.” A 
patien: was considered to have MEN IIa if he had MTC in association 
with either pheochromocytoma or hyperparathyroidism and no phe- 
notypic teatures of MEN IIb, or if a first-degree relative had MEN 
IIa. A patient was considered to have MEN IIb if he had MTC in 
association with phenotypic features of MEN IIb (marfanoid habitus, 
mucosa! neuroma, intestinal ganglioneuromatosis, and characteristic 
facies) wath or without pheochromocytoma, or if a first-degree rela- 
tive hed MEN IIb. A patient was considered to have familial MTC 
(familial non-MEN MTC) ifa first-degree relative had MTC and there 
was nc evidence of MEN IIa or IIb in the patient or in the family. 
Patien:s with MEN-associated MTC or familial non-MEN MTC were 
considered to have hereditary types of MTC. Although the appear- 
ance o° MEN in some of these patients, especially those with MEN 
IIb, may have a “sporadic” origin (ie, neither parents had MEN II), 
MTC iis generally transmitted as an autosomal dominant trait, so they 
are considered to be hereditary types of MTC. All other patients were 
considered to have sporadic MTC. 

Anavysis of variance (ANOVA) and x’ tests were performed using 
the StatView 512 program on a MacIntosh IIx computer (Apple 
Computers, Cupertino, Calif). Statistical significance was defined as 
P<.05 


RESULTS 
Demographic 


Seventeen patients (40%; 8 men, 9 women) had sporadic 
MTC, and 26 patients (60%; 12 men, 14 women) had either 
MEN Ila, MEN IIb, or familial non-MEN MTC (Table 1). 
Eight patients from five families (19%; 2 men, 6 women; 7 
cases of carcinoma, 1 case of C-cell hyperplasia) had MEN Ila. 
Seven patients from six families (16%; 5 men, 2 women; 6 
cases of carcinoma, 1 case of C-cell hyperplasia) had MEN IIb. 
Eleven patients from three Hispanic families (26%; 5 men, 6 
women; 10 cases of carcinoma, 1 case of C-cell hyperplasia) 
had familial non-MEN MTC. Patients with sporadic MTC 
were clcer at presentation (peak incidence in the fifth decade) 
than patients with hereditary types of MTC (peak incidence in 
the sezand and third decades). There was a difference in age of 
presentation between the patients with sporadic MTC and 
patients with hereditary MTC (average age, 42 + 15 years vs 
26+17 years; P<.003, ANOVA). Patients with MEN IIb 
presented at the youngest age (average age, 20 years). 
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Table 1.—Age at Presentation, Mode of Diagnosis, Stage at 
Initial Operation, and Clinical Status at Follow-up for Patients 
With Different Types of MTC* 


No. of Patients with MTC 


Sporadic Familial MEN lla MEN lib 


No. of Patients/mean 


age, y 17/42.3¢ 11/26.6¢ 8/31.3f 7/19.9T 


Diagnosis 
Symptoms/signs 





*MTC indicates medullary thyroid carcinoma; MEN Ila, multiple endocrine 
neoplasia type lla; MEN llb, multiple endocrine neoplasia type llb; and CT, 
calcitonin. 

tP<.003, analysis of variance. 


Mode of Presentation 


All 17 patients with sporadic MTC had palpable thyroid 
nodules or cervical lymph nodes when first examined. In 
contrast, 15 (58%) of 26 patients with hereditary types of 
MTC were diagnosed by screening for serum CT levels, 10 
because of a family history of MTC and 5 because of the known 
presence of other endocrine tumors associated with MEN 
(Tables 1 and 2). 

The diagnosis was made in 28 patients (17 sporadic; 2 of 8 
cases of MEN Ila; 4 of 7 cases of MEN IIb; 5 of 11 cases of 
familial MTC) because of clinical manifestations of MTC. 
Nineteen (68%) of these patients had nodal or distant metas- 
tases, and 6 have died (3 sporadic; 1 case of MEN Ila; 2 cases 
of MEN IIb). Four patients presented with miscellaneous 
symptoms, including dysphagia, hoarseness, neck tender- 
ness, and severe diarrhea, in 1 patient each. The first 3 of 
these patients had distant metastases and died of MTC; in the 
last patient, whose disease was localized, diarrhea and an 8- 
year history of red eyes resolved after total thyroidectomy. 
Fifteen asymptomatic patients were diagnosed by screening; 
6 (40%) had nodal or distant metastases, but only 1 has died. 
The death occurred in a 62-year-old woman who was screened 
because of a family history of MTC and was found to have 
metastatic MTC. 

Patients with hereditary types of MTC who were not diag- 
nosed by screening were more likely to have metastatic dis- 
ease (10 of 11 had cervical lymph node involvement or distal 
metastases) than those who were diagnosed by screening (7 of 
15 had metastases) (P<.05, x’). 


Treatment 


Eighteen patients had a single operation; the remaining 25 
patients required a total of 80 operations (range, 2 to 17; 
average, 3.2). Indications for reoperations included persis- 
tent disease, recurrent disease, or inadequate initial opera- 
tion. Reoperations included completion thyroidectomy, cen- 
tral neck dissection, modified radical neck dissection, second 
more thorough modified radical neck dissection, and simple 
excision of tumor nodules. 
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Table 2.—Stage at Initial Operation and Clinical Status at 
Follow-up for 28 Patients With MTC Who Presented With 
Symptoms or Signs and 15 Asymptomatic Patients 
Diagnosed by Screening* 


No. of Patients 


Family History of 
History MEN 


Symptoms 
or Signs 

Stage 

Hyperplasia 

Localized 

Neck nodes 

Distal metastases 
Status 

Alive/normal CT level 

Alive/high CT level 


*MTC indicates medullary thyroid carcinoma; MEN, multiple endocrine 
neoplasia; and CT, calcitonin. 


Twenty-nine patients were treated initially by tetal thy- 
roidectomy and central neck clearance. Six of these patients, 
all of whom had palpable cervical lymph nodes, had a eoncomi- 
tant unilateral modified neck dissection. The remaining 14 
patients were treated initially with a less-than-total thyroid- 
ectomy (eg, excisional biopsy, lobectomy, subtotal thyroidec- 
tomy, or near-total thyroidectomy). On average, patients 
treated with total thyroidectomy and central neck clearance 
(the recommended operation) required one reoperation dur- 
ing follow-up, whereas those with lesser initial precedures 
required two reoperations (not statistically significant) 
(Table 3). 

One patient had the recurrent laryngeal nerve resected 
because of tumor involvement. In addition there was one 
occurrence each of recurrent laryngeal nerve, phrenic nerve, 
sympathetic nerve, and spinal accessory nerve injury. Five 
patients had hypoparathyroidism postoperatively that re- 
quired treatment with calcium and vitamin D. All complica- 
tions occurred in patients with either locally extensive tumors 
or multiple reoperations. 

All patients were given replacement doses of thyroid hor- 
mone. Some of these patients with advanced MTC had addi- 
tional nonsurgical treatment as follows: 12 patients (2 MEN 
Ila, 3 MEN IIb, 2 familial, 5 sporadic) received external 
irradiation, 5 of whom also received chemotherapy, and 4 
patients were treated with radioiodine. The responses to the 
nonsurgical treatments were variable, and the number was 
too small for analysis. 


Prognosis 


Mean follow-up was 6.3 years (range, 6 months to 22 years). 
Two patients were unavailable for follow-up. The actuarial 
survival rates were 88% at 5 years (22 patients) and 78% at 10 
years (13 patients). Seven patients died of MTC L5 to 10 
years after their initial operation (3 sporadic, 2 MEN Ila, 2 
MEN IIb). At the last follow-up, 13 patients were alive with 
normal serum CT levels, and 23 patients were alive with 
elevated serum CT levels but no other evidence of disease 
(most of them probably had residual microscopic disease). 

The initial stage of the disease greatly influenced survival 
(P<.0001, x’) (Table 4). Three patients had C-cell hyperpla- 
sia, 13 had MTC confined to the thyroid gland, 20 had cervical 
lymph node metastasis, and 7 had distal metastasis. All 
deaths occurred in patients who had metastatic disease at 
presentation (6 with distant metastases, 1 with lymph node 
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Table 3.—Clinical Status and Number of Reoperations in 29 
Patients Treated Initially With Total Thyroidectomy and 14 
Patients Treated Initially With Less Than Total 
Thyroidectomy* 


Total Less Than Total 
Thyroidectomy Thyroidectomy 


Alive/normal CT level 
Alive/high CT level 

Dead 

Average No. of reoperations 


*CT indicates calcitonin. 


metastases). No deaths occurred in patients with carcinoma 
limited to the thyroid gland or with C-cell hyperplasia (Table 
4). 

No deaths occurred in patients with familial non-MEN 
MTC (Table 1). Deaths were more common in patients who 
presented with symptoms or signs (n=6) than in those who 
were diagnosed by screening (n = 1) (Table 2). None of these 
differences were statistically significant, however, probably 
because the sample size was so small. 


COMMENT 
Classification of MTC 


Medullary thyroid carcinoma was first described by Hazard 
et al’ in 1959 as a histologically and clinically distinct thyroid 
eancer. It arises from C-cells from the neural crest, which 
belong to the amine-precursor-uptake-decarboxylation sys- 
tem. Medullary thyroid carcinoma occurs in sporadic and 
hereditary types. Sipple noted the association of thyroid car- 
cinoma and pheochramocytoma in 1961, and subsequently the 
genetic syndromes of MEN Ila and MEN IIb were described. 
Familial non-MEN MTC was identified as a distinct entity by 
Farndon et al’ in 1986. 

The four types of MTC are clinically distinct.’ Patients with 
MEN IIb have the most aggressive type. It presents early in 
life, can be recognized by its phenotypic expressions, and is 
rarely curable if the patient presents with palpable disease. In 
contrast, familial non-MEN MTC presents later in life and is 
the least aggressive type of MTC. In our series, as well as in 
others, none of these patients died of MTC. 


Screening 


Both MTC and C-cell hyperplasia secrete CT, which can be 
measured by radioimmunoassay.” Serum CT levels are useful 
for diagnosing MTC and for sereening asymptomatic patients 
in high-risk groups. Serum CT levels need not be measured 
routinely in all patients with thyroid nodules, because other 
diseases may cause false-positive tests (eg, small-cell carcino- 
ma of the lung, other carcinomas, chronic renal failure, perni- 
cious anemia, Zolliger-Ellison syndrome, acute pancreatitis, 
hypercalcemia, and pulmonary diseases).' Pentagastrin (or 
calcium)-stimulated serum CT level measurement is more 
sensitive than the basal serum CT level measurement when 
used for screening. 

About one third of our patients (15 of 43) were diagnosed by 
screening (Table 1). Our data support the finding that screen- 
ing detects MTC at an earlier stage,” when the disease is more 
likely to be surgically curable.* Even though our patients with 
disease detected by screening lived longer, the difference was 
not significant, most likely because of our small sample size. 

Many patients who initially were thought to have sporadic 
MTC were subsequently found to have MEN Ila or familial 
non-MEN MTC after screening of family members. Although 
hereditary MTC is more likely to be multicentric and bilater- 
al, the histologic finding of unicentric disease does not rule out 
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Table 4.—Clinical Status at Follow-up for Patients With 
Different Stages of MTC* 


No. of Patients With MTC 


Localized Regional Distal 
Status Hyperplasia to Thyroid Neck Nodes Metastasis 





*MTC indicates medullary thyroid carcinoma; CT, calcitonin. 
tP<.0001, x? analysis (dead vs alive). 


the possible hereditary MTC. One of our patients with unicen- 
tric disease and no C-cell hyperplasia had familial non-MEN 
MTC. We, therefore, advocate screening the first-degree 
relatives of all patients with MTC using basal and pentagas- 
trin-stimulated serum CT level measurement. Screening is 
also indicated for patients who have the MEN IIb phenotype, 
and for patients who have pheochromocytoma, especially if 
the disease is bilateral. In addition, all patients with the 
diagnosis of MTC should be evaluated for pheochromocytoma 
before thyroidectomy. 


Prognosis 


In 1970 Fletcher’ reported 5- and 10-year survival rates of 
48% and 12%, respectively, for MTC using data collected from 
six centers, including UCSF. Since then, most series have 
reported higher survival rates, probably because of earlier 
diagnosis and better surgical treatment. The actuarial surviv- 
al rates of our patients were 88% for 5 years and 78% for 10 
years. 

Our findings agree with others that the most important 
prognestic feature is the stage of tumor at presentation.” 
Patients with C-cell hyperplasia or MTC localized to the 
thyroid gland had a better prognosis and were less likely to 
have elevated serum CT levels postoperatively (Table 4). 
Although other researchers have found age and sex to be 
important prognostic factors, we did not. Since the three 
hereditary groups (MEN Ila, MEN IIb, and familial non- 
MEN MTC) have distinct clinical courses, they should be 
considered separately in data analysis. For sporadic MTC, 
older patients seemed te have a worse prognosis. In the 
hereditary types, however, the prognosis seemed best in 
patients with familial non-MEN MTC who tend to present 
later in life, and it is worst in patients with MEN IIb” who 
tend te present at younger age. Our sample size is too small, 
however, to prove this supposition. 


Surgery 


Preeperative diagnosis of MTC using cytological studies 
and serum CT level measurements should be routine. Fine- 
needle aspiration biopsy of thyroid nodules is diagnostic for 
MTC, and other types of thyroid cancer do not cause elevated 
serum CT levels. Surgical treatment for MTC, regardless of 
type, should include at least a total thyroidectomy and central 
neck clearance (dissection of lymph nodes from the hyoid bone 
to the brachiocephalic vein and between the carotid arteries). 
The parathyroid glands should be inspected at the time of 
thyroidectomy and excised if abnormal. For patients with 
palpable neck nodes or a primary tumor larger than 2 cm, a 
unilateral modified radical neck dissection (sparing the spinal 
accessory nerve, internal jugular vein, and the sternocleido- 
mastoid muscle) is indicated. A thyroid lobectomy alone may 
be adequate in the rare case of a patient with a sporadic, 
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unilateral, nonmetastatic MTC whose postoperative penta- 
gastrin-stimulated serum CT level is normal.” 

When a patient requires reoperation for either persistent 
or recurrent disease, it is rare for the serum CT concentration 
to become normal, even after multiple reoperations.* Many of 
these patients have no gross tumors, and their disease may 
have an indclent course. However, they almost always have 
microscopic lymph node metastases. Recently, Tisell et al” 
showed that with meticulous neck microdissection some of 
these patients with microscopic metastases can be cured, and 
that pentagestrin-stimulated serum CT levels return to nor- 
mal after the operation. 


Adjuvant Treatment 


Surgery is the only curative treatment for MTC. Because 
C-cells do not take up iodinelike follicular cells, radioiodine 
has a limited role in the treatment of advanced MTC, and it 
does not improve survival.” Some rare patients, however, 
have thyroid eancer of both follicular and parafollicular cell 
origin and may respond to radioiodine treatment.” None of 
the cases of MTC we treated took up radioactive iodine. 
External radiation treatment may relieve local symptoms, 
but it does net improve survival of patients with advanced 
disease.” Chemotherapy with streptozocin, doxorubicin, 
fluorourieil, or dacarbazine also has limited success.” Treat- 
ment with somatostatin analogues may help control the se- 
vere diarrhea in some patients.” 


Postoperative Follow-up 


The treatment of patients with elevated serum CT levels 
after an initial operation should be individualized. If not al- 
ready done, total thyroidectomy should be completed, the 
central neck should be cleared, and a unilateral modified neck 
dissection on the side of the tumor should be performed. If all 
the recommended surgical procedures have been accom- 
plished and the patient continues to have elevated serum CT 
levels, we recommend serial ultrasonography,” computed 
tomography, or magnetic resonance imaging of zhe neck. 
How frequently localization studies should be performed de- 
pends on the rate of increase of the serum CT or carcinoem- 
bryonic antigen (CEA) levels. If a new nodule is identified by 
localization studies, then reexploration and neck dissection is 
indicated. We have had little success with attempts to localize 
the disease with selective venous catheterization and mea- 
surement of CT levels after pentagastrin stimulation.” 

Serum carcinoembryonic antigen is a less sensitive tumor 
marker than serum CT, but it is useful in detecting recurrence 
of MTC, and it is a better predictor of survival.” Tumor 
production of CT and CEA is heterogeneous. Unlike CT, 
CEA is secreted by some but not all tumor cells, and serum 
CEA levels are higher in more advanced MTC. It is important 
to remember that other conditions may cause elevated CEA 
levels. One of our patients, a 62-year-old man, had a total 
thyroidectomy and central neck dissection for familial non- 
MEN MTC. Postoperatively his serum CT levels became 
normal but his serum CEA levels remained elevated. He was 
found to have microcytic anemia and occult blood in the stool. 
His serum CEA levels became normal after resection of a 
Dukes’ stage B colon cancer. 


On the Horizon 


Inheritanee of MEN IIa is linked to chromosome 10, and 
genetic diagnosis of persons at risk may be possible in the 
future.” Rat and bull models exist for the study of MTC. Some 
strains of rats develop, with high-frequency, spontaneous 
MTC that can be maintained by serial transplantations.” A 
syndrome similar to MEN II is found in Guernsey bulls that 
has autosomal dominant inheritance of pheochromocytoma 
and C-cell neoplasm.” Tumor DNA content correlates with 
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patient survival; most patients dying of MTC have aneuploid 
tumors, whereas most survivors have diploid tumors.” Im- 
munohistochemical staining of MTC for CT is also helpful. 
Patients with densely staining, homogeneous distribution of 
C-cells have a better prognosis.” 


CONCLUSION 


Patients with hereditary types of MTC present at a youn- 
ger age than those with sporadic MTC. Screening of high-risk 
patients using basal and pentagastrin-stimulated serum CT 
measurement results in an earlier diagnosis of MTC. Patients 
with familial non-MEN MTC, early stage MTC, or C-cell 
hyperplasia as well as asymptomatic patients discovered by 
screening have an excellent prognosis. A fine-needle aspira- 
tion biopsy is recommended for suspicious thyroid nodules. 
Primary total thyroidectomy with central neck clearance is 
the operation of choice for MTC, and it reduces the need for 
reoperation. Modified radical neck dissection is indicated for 
patients with palpable nodes, primary tumor larger than 2 
cm, and with persistent elevation of basal or stimulated serum 
CT levels. 


This investigation was supported in part by the Medical Research Service of 
the Veterans Administration Medical Center, San Francisco, Calif. 
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Discussion 

MEREDITH P. SMITH, MD, Seattle, Wash: At the Swedish Hospital 
Medical Center in Seattle, in 5 years we had 192 cases of cancer of the 
thyroid, 2 of which were medullary cancers and both of them were 
sporadic. Both of them had widespread 1- and 2-cm lymph nodes and 
required modified neck dissections, taking the jugular vein in 1. 

I have several questions about technique. Will you shave this 
tumor off the larynx or eff the trachea or from the recurrent laryngeal 
nerve slowly and carefully with a scalpel, as we do successfully in 
papillary cancer to the thyroid? Does this medullary eancer tend to 
involve the jugular vein more than the others? Do you make the total 
thyroidectomy more of a cancer operation, taking all of the posterior 
capsule? Does the location of the C-cells in the thyroid gland and thus 
the location of the tumor influence this decision? Do you strip the 
inferior thyroid pretracheal area and take the tip of the thymus 
routinely? 

I am sure that being careful and taking time is by far the best 
protector of the recurrent nerves and the parathyroids. How long and 
how meticulous a dissection is the bilateral central neck clean-out? 

ARMANDO E. GIULIANO, MD, Los Angeles, Calif: Do all patients 
with medullary cancer get central neck dissection or only those in 
whom you find an abnormal lymph node? If abnormal lymph nodes are 
in the central neck there is a very high likelihood that there are other 
abnormal lymph nodes im the neck. Do you do a modified radical neck 
dissection at that operation or a subsequent operation? How do you 
follow them up? Do you use CT level to determine whether they 
should have a subsequent operation? 

What is the local recurrence after less-than-total thyroidectomy for 
medullary carcinoma? Does it warrant reoperation for the patient 
who is referred to you who had a near-total thyroidectomy with a 
small amount of tissue left? 

How do you avoid complications, particularly hypoparathyroidism 
with bilateral central neek dissections and total thyroidectomy? Some 
authors advocate use of postoperative radioiodine, not because the C- 
cells take up iodine, but because these cells may be destroyed by the 
local effect of the neighboring cells taking up the iodine. Do you use 
postoperative radioiodine routinely? 

JAMES E. GOODNIGHT, JR, MD, Sacramento, Calif: In a 30-year- 
old with medullary carcinoma with no family history of MEN, where 
screening of the children and relatives is negative, do you assume that 
it is sporadic, or do you resereen later? 

RONALD G. LATIMER, MD, Santa Barbara, Calif: What is the 
incidence of recurrent laryngeal nerve injury and hypoparathyroid- 
ism? In the patient with a preoperative diagnosis, do you perform a 
computed tomographic scan of the neck to guide your surgical 
procedure? 

R. EDWARD ROBINS, MD, Vancouver, Canada: We have found 
when there is incomplete removal of the primary tumor that external 
irradiation can be effective in control of the neck disease. Most of 
these patients will eventually die of metastatic disease. What is your 
experience with external irradiation? How do you investigate the 
case of a patient with elevated levels of CT postoperatively when by 
routine means you can find no evidence of disease? 

DR CLARK: In recent series from Europe and this country, there 
appears to be an even distribution of patients with familial and 
sporadic MTC. Of our patients with MTC, 60% had familial disease. 
Many of these patients were initially thought to have sporadic dis- 
ease, but when other family members were tested with basal and 
provocative tests, they had either C-cell hyperplasia or MTC. Most 
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patients with familial MTC will have either bilateral C-cell hyperpla- 
sia or bilateral cancers. Total thyroidectomy, which is the procedure 
of choice for patients with MTC, should therefore be done not only 
because it removes the cancer that is frequently bilateral but also 
me when bilateral disease is documented familial disease is 
ikely. 

Shaving tumor from the trachea is certainly useful, and debulking 
these and other endocrine tumors is indicated because it often results 
in long-term palliation. One should not hesitate to remove a small 
section of trachea if this is the sole site of remaining disease, since the 
trachea will heal without stenosis. Laryngectomy is only rarely indi- 
cated, and only after a thorough preoperative discussion of this 
alae and its consequences with the patient. Prognosis of pa- 
tients with MTC can be predicted by DNA analysis and immunocyto- 
chemical staining of the tumor for CT. Patients with an aneuploid 
DNA pattern rather than diploid pattern have a poorer prognosis as 
do patients whose tumor has only minimal staining for CT and there is 
a heterogenous rather than a homogenous distribution of the C-cells. 

In these patients it is important to perform a total thyroidectomy 
and a meticulous central neck dissection. The first operation is the 
time to cure the patient. One should remove the thymus, all fibrofatty 
tissue and lymph nodes from carotid to carotid and from the innomi- 
nate vein inferiorly to the thyroid cartilage superiorly. Recurrent 
tumors in the lateral portion of the neck can be subsequently re- 
moved, but recurrent tumor in the central portion of the neck in- 
creases the risk of injury te the recurrent laryngeal nerves and 
parathyroid glands. 

I would recommend an ipsilateral modified radical neck dissection, 
preserving the internal jugular vein, sternocleidomastoid muscle, 
and spinal accessory nerve for all patients with palpable cervical 
lymph nodes and for all patients with primary tumors 2 cm or larger in 
maximal diameter, since more than 60% of the latter patients will 
have cervical metastases. In patients without palpable cervical lym- 
phadenopathy, it is more important to perform a thorough central 
neck dissection because the lateral neck dissection can be subsequent- 
ly done if basal or stimulated serum CT levels are elevated. 

These patients are followed up by monitoring the serum CT and 
CEA levels. The CT level, especially after provocative testing, is 
most sensitive, but the CEA level is a better predictor of survival. 
Other studies that are useful in follow-up include magnetic resonance 
imaging, computed tomography, or ultrasonography scanning. Scan- 
ning with thallium, iodine 131-metaoidobenzylguanidine, or dimer- 
captosuccinic acid is occasionally helpful in patients with elevated CT 
levels when magnetic resonance imaging, computed tomography, or 
ultrasound studies are negative or equivocal. Selective venous cathe- 
terization for CT with provocative testing has been helpful in some 
patients, and a recent study suggests that the hepatic veins should be 
catheterized because the liver is a frequent site of occult metastases. 
One should not operate solely for a high CT level in a patient who has 
had definitive surgery including total thyroidectomy and ipsilateral 
neck dissection. The site of metastatic medullary cancer should be 
identified before reoperation in all other patients. After the cervical 
lymph nodes, the next most frequently involved site is the superior 
mediastinal nodes. Radioiodine scanning is helpful to be sure that a 
total thyroidectomy has been done. Ifthere is remnant thyroid tissue, 
it should be ablated with radioiodine. There is anecdotal evidence 
documenting the return on elevated serum CT levels to normal after 
treatment with radioiodine and also loss of diarrhea, but these results 
are the exception rather than the rule. In my experience only a small 
percentage of the patients seem to benefit from treatment with 
radioiodine. 

Screening relatives is of the utmost importance. Several patients 
thought to have sporadic MTC actually have had familial disease. The 
time to diagnose these patients is when they have C-cell hyperplasia 
or nonpalpable medullary cancers. Two recurrent laryngeal nerves 
were sacrificed in our patients, one was a planned resection because 
of tumor involvement and the other was unplanned. A thorough 
“clean-out” of tumor at the initial operation decreases the need for a 
secondary operation and thus decreases the risk of nerve injuries for 
these patients. 

External irradiation offers palliation to some patients, and we use 
it when gross unresectable tumor remains after thyroidectomy. Dr 
D. H. Copp from Vancouver identified calcitonin in 1962, and his 
studies along with those of Dr E. D. Williams and others have helped 
us greatly in our understanding of patients with medullary thyroid 
cancer. 
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Esophageal Perforation 


Arthur E. Flynn, MD; Edward D. Verrier, MD; Lawrence W. Way, MD; Arthur N. Thomas, MD; Carlos A. Pellegrini, MD 


è Sixty-nine patients with perforation of the esophagus were 
treated at the University of California, San Francisco, from 1977 
to 1988. The perforation was iatrogenic in 33 (48%) of the pa- 
tients, spontaneous in 8 (12%), and a result of external trauma in 
23 (33%). Clinical findings included chest pain in 36 (52%) of 69 
patients, subcutaneous emphysema in 22 (32%) of 59 patients, 
and pneumomediastinum in 21 (36%) of 59 patients. Esophago- 
grams demonstrated the perforation in 40 (93%) of 43 patients. 
Treatment delays of more than 24 hours occurred in about half of 
spontaneous and iatrogenic perforations, but when the perfora- 
tion was due to external trauma, treatment was delayed infre- 
quently. Operative therapy in 59 (86%) of the patients included 
primary closure in 44 patients, drainage alone in 9 patients, and 
Celestin tube placement in 1 patient. Four patients with benign 
strictures had esophagectomy, and 4 patients with achalasia had 
Heller myotomy in addition to closure of the perforation. Eight 
(12%) of the patients were treated nonoperatively. For thoracic 
perforations, nonoperative treatment was reserved for patients 
who were diagnosed late but who had minimal evidence of sep- 
sis. Seven (10%) of the patients died. Factors that influenced 
outcome included cause of perforation, anatomic location, and 
patient age. Our study shows that a high index of suspicion, 
aggressive use of esophagography, and individualized treat- 
ment are necessary for the best results when treating esophageal 
perforation. 

(Arch Surg. 1989;124:1211-1215) 


P erforation of the esophagus is a life-threatening condition 
that requires prompt diagnosis and treatment. Because 
clinical manifestations are often absent early in the disease, a 
high index of suspicion is required to make a prompt diagno- 
sis. Nevertheless, diagnostic delays of 24 hours or more are 
common; such delays decrease treatment options and in- 
crease morbidity and mortality rates.’ Previous authors* 
have generally stressed the benefits of one or another thera- 
py. By contrast, our experience suggests that treatment 
should be individualized according to the findings in specific 
cases. In the present study, we evaluated (1) the reasons for 
delays in diagnosis and how the delays can be minimized; (2) 
the factors that should be considered when planning treat- 
ment; and (8) the variables that determine outcome. 

We analyzed the course of 69 patients with esophageal 
perforation, concentrating on the causes of diagnostic delays 
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and the results of therapy. The findings allowed us todefine a 
treatment strategy that takes into account the cause and 
location of the perforation, the presence of esophageal dis- 
ease, and the clinical manifestations in each patient. 


PATIENTS AND METHODS 


From January 1977 through December 1988, a total of 69 patients 
with esophageal perforation were treated at the University of Cali- 
fornia, San Francisco. This included 37 males:and 32 females whose 
mean age was 43 years (range, 1 to 87 years). Excluded from this 
analysis were patients with tracheoesophageal fistulas, postopera- 
tive esophageal anastomotic leaks, and perforations due to esophage- 
al carcinoma. The hospital course of these patients was analyzed with 
special emphasis on cause and location of perforation, clinical presen- 
tation, presence of underlying esophageal and nonesophageal dis- 
ease, time from perforation to treatment, method of treatment, 
complications, and outcome. 


RESULTS 
Cause and Location 


Perforation was due to iatrogenic injury in 33 (48%) of the 
patients (Fig 1). The perforation was caused by bougienage of 
a benign esophageal stricture in 11 patients; pneumatic dila- 
tation for achalasia in 9 patients; and sclerotherapy far esoph- 
ageal varices in 3 patients. Perforation occurred as a compli- 
cation of vagotomy in 1 patient. Esophagoscopy caused the 
perforation in 7 patients (rigid esophagoscopy in 3 and flexible 
esophagoscopy in 4). The indications for rigid esophagoscopy 
were evaluation of congenital strictures in 2 patients and 
removal of an esophageal foreign body in 1 patient. Flexible 
esophagoscopy was performed to evaluate benign strictures 
in 2 patients, Zenker’s diverticulum in 1 patient, and squa- 
mous cell carcinoma of the tongue in 1 patient. Perforation 
was caused by a Sengstaken-Blakemore tube and a standard 
nasogastric tube in 1 patient each. 

Twenty-three (33%) of the patients had perforations of the 
esophagus from external trauma (Fig 2). Of these, 10 were 
from gunshot wounds, 12 from stab wounds, and 1 frem blunt 
chest trauma. 

Eight (12%) of the patients had spontaneous (postemetic) 
perforations. Three (14%) of the perforations were caused by 
foreign bodies, and two (3%) were the result of other causes. 

Twenty-six (38%) of the perforations were located in the 
proximal third of the esophagus and 12 (17%) in the middle 
third. Thirty-one (45%) of the perforations were located in the 
distal third, only 3 of which were intra-abdominal. Iatrogenic 
and spontaneous perforations were located in the distal tho- 
racic esophagus in 23 (70%) of 33 and 7 (88%) of 8 patients, 
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Fig 2.—Cause of esophageal perforation. 


respectively, whereas perforations due to external trauma 
were most often in the neck, occurring in that site in 19 (83%) 
of 23 patients. 


Clinical Presentation 


Table 1 summarizes the clinical findings in these patients. 

Thirty (65%) of 46 patients whose perforations were not the 
result of external trauma complained of chest pain at the time 
of diagnosis. Sixteen (48%) of 33 patients with iatrogenic 
perforations had an asymptomatic interval of 8 hours or more. 
Twenty-seven (59%) of 46 patients whose perforations were 
not due to external trauma had a temperature greater than 
38.0°C at diagnosis. Suabeutaneous emphysema was present in 
22 (32%) of 69 patients and in 16 (62%) of 26 patients with 
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Table 1.—Clinical Findings 


No. of Patients (%) 


Chest pain 36/69 (52) 
Dyspnea 28/69 (40) 
Dysphagia 23/69 (33) 
Fever 28/69 (40) 
Crepitus 22/69 (32) 
Shock 12/69 (17) 
Pneumomediastinum 21/59 (36) 
Pneumothorax 12/59 (20) 
Effusion 19/59 (32) 


Extravasation 40/43 (93) 


Table 2.— Treatment | 


No. of Patients (%) 


Closure 















Resection 4 (6) | 
Drainage 9 (13) 
Exclusion 2 (3) 
Celestin tube 1 (1) 
Nonoperative 8 (12) 


No treatment 


cervical perforations. Twelve (17%) of the 69 patients were 
hypotensive at the time of diagnosis. Mackler’s triad (vomit- 
ing, chest pain, and subcutaneous emphysema) was present in 
only 2 of the 8 patients with spontaneous perforation. 

Chest roentgenograms were obtained in 59 (86%) of the 
patients. Table 1 shows the incidence of pneumomediastinum, 
pneumothorax, and pleural effusion in these patients. The 
initial chest roentgenogram was normal in 11 (33%) of the 
patients with iatrogenic perforations. Contrast esophago- 
graphy was performed in 43 (62%) of the patients, including 
all patients whose perforations were not caused by external 
trauma. Extravasation of contrast media was seen in 40 (93%) 
of the 43 patients who had esophagograms. 

The diagnosis was made within 24 hours in all perforations 
occurring after trauma except for 1 patient in whom the 
diagnosis was delayed for 3 weeks. The interval between 
perforation and its diagnosis exceeded 24 hours in 16 (48%) of 
33 patients with iatrogenic perforations and in 4 (50%) of 8 
patients with spontaneous perforations. 


Treatment 


Sixty (87%) of the patients were treated operatively (Table 
2). Forty-four (64%) of the patients, including all of those with 
perforations due to external trauma, underwent primary su- 
ture clesure. In seven patients with perforation caused by 
penetrating injury, the repair was buttressed with adjacent 
tissue (ie, pleura, gastric fundus, or sternohyoid muscle). 
Esophagocardiomyotomy was performed along with closure 
of the perforation in four patients with achalasia in whom the 
diagnosis was made soon after pneumatic dilatation. Four 
patients with benign esophageal stricture underwent esopha- 
gogastreetomy. Drainage alone through a thoracotomy inci- 
sion was performed in three patients with extensive mediasti- 
nal suppuration in whom the diagnosis was made late. Four 
patients whose condition did not permit operation underwent 
drainage by closed thoracostomy. In two patients, the medi- 
astinum was drained by a sump tube placed transluminally 
under radiologic guidance through the rent in the esophagus. 
A Celestin tube was used in addition to drainage in one 
critically ill patient diagnosed late. Two patients with diffuse 
esophageal injury and mediastinal contamination were treat- 
ed by esophageal exclusion, which consisted of pleural drain- 
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age, division of the cervical and distal esophagus, cervical 
esophagostomy, and gastrostomy. 

Eight (12%) of the patients were treated nonoperatively. 
The regimen consisted of parenterally administered antibiot- 
ics and, in four patients, total parenteral alimentation. All of 
these patients had one or more of the following characteris- 
tics: (1) cervical perforation and minimal symptoms (four 
patients); (2) thoracic perforation, late diagnosis, evidence of 
leak on esophagram, and minimal signs of sepsis (two pa- 
tients); and (3) age and underlying disease prohibiting opera- 
tion (two patients). 

All patients in whom a thoracic perforation was diagnosed 
early and whose condition permitted an operation were 
treated surgically (22 patients). In 1 patient, the perforation 
was not detected until autopsy. 


Outcome 


Seven (10%) of the patients died. Three of the deaths were 
in patients with Child’s C cirrhosis who had esophageal per- 
foration due to sclerotherapy. Two of these patients were 
treated by draimage alone, and in one the diagnosis of esopha- 
geal perforation was not made until autopsy. Two elderly 
patients with postemetic perforations died of multiple organ 
failure after a prolonged hospital course. Both patients had 
chronic cardiae and pulmonary disease and were diagnosed 
within 6 hours of perforation; one was treated by primary 
closure and the other with a Celestin tube. One patient with 
perforation secondary to pneumatic dilatation of the esopha- 
gus for achalasia died 6 days postoperatively from congestive 
heart failure. One patient with a perforation from a nasogas- 
tric tube diagnosed 48 hours later died of respiratory failure 
15 days after esophageal exclusion. 

The mortality rate for patients with iatrogenic perforations 
was 12% (4/33 patients) and 25% (2/8 patients) for spontane- 
ous perforations. There were no deaths among the 23 patients 
whose perforation was caused by external trauma. All deaths 
occurred in patients with distal esophageal perforations (7 of 
31 patients, 28% mortality rate). The mortality rate for pa- 
tients under age 60 was 2%, but it was 33% for patients age 60 
and over. The chance of dying was the same whether the 
diagnosis was made before or after 24 hours. All patients 
treated nonoperatively survived. 

Twenty-nine (42%) of the patients experienced complica- 
tions. Esophageal leaks occurred in five patients following 
primary closure or anastomosis, in three of whom reoperation 
was required. Two of the five leaks that occurred after repair 
were in patients with gunshot wounds of the trachea and 
esophagus, and one developed despite interposition of sterno- 
hyoid muscle between the structures. Other complications 
included empyema in five patients; pneumonia, five patients; 
and wound infection, four patients. One patient treated by 
closure of the perforation developed an esophageal stricture 
that required dilatation. 


COMMENT 
Diagnosis 


These data show that the classic findings of chest pain, 
fever, subcutaneous emphysema, and pneumothorax or pneu- 
momediaszinum are frequently absent in patients with esoph- 
ageal perforation. The clinical findings varied considerably 
depending on the time since perforation and the location of 
injury. Almost half of patients with iatrogenic perforations 
had no symptoms for several hours after injury. Crepitus was 
common in cervical perforations, but uncommon in thoracic 
and abdominal perforations. 

The lack of prominent physical and roentgenographic find- 
ings sometimes resulted in long delays in diagnosis and treat- 
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ment, especially in patients with spontaneous and iatrogenic 
perforations. In these groups the diagnosis was made later 
than 24 hours in about half the cases. To an extent, it is 
understandable why spontaneous perforations are often 
missed since they are not heralded by a discrete event, as are 
iatrogenic and traumatic injuries. Nevertheless, iatrogenic 
perforations were also often overlooked for many hours, prin- 
cipally in cases where symptoms were minimal and the chest 
roentgenogram was normal. Therefore, early diagnosis of 
iatrogenic perforations requires a high level of suspicion and 
liberal use of esophagography. 

Age and the presence of other underlying disease were the 
most important determinants of death in our patients. Other 
authors have shown that diagnostic delays affect outcome 
adversely.’”** For example, Bladergroen et alf reported a 
92% survival rate when treatment was instituted within 24 
hours but only a 67% survival rate when treatment was 
instituted after 24 hours. Late diagnosis was not associated 
with a greater chance of death in our patients. However, the 
morbidity of delay was substantial, and several of the patients 
in this category required long hospital stays. The apparent 
lack of correlation between mortality rate and delayed diag- 
nosis is probably due to the small number of deaths in our 
series and the fact that three of the deaths occurred after 
early diagnosis in patients over age 70 who had serious ancil- 
lary disease. 

The incidence of perforation following flexible and even 
rigid endoscopy is so low” that routine roentgenographic 
examination of these patients is not justified. During the 10 
years of our study, only one perforation occurred as a eompli- 
cation of simple upper gastrointestinal endoscopy. All endo- 
scopic perforations were associated with either an esophageal 
lesion (eg, Zenker’s diverticulum or esophageal stenesis) or 
an esophageal foreign body. It is in these situations that 
perforation should be suspected after esophagoscopy. Chest 
roentgenography should be performed routinely, and if the 
findings are at all suggestive or if chest pain is present, 
esophagography is indicated. 

Following pneumatic dilatation of the esophagus, the risk 
of perforation is so high (about 10%) that esophagography 
should be done routinely. These patients should be observed 
in the hospital for 24 hours after the procedure, since some 
patients with perforations will not exhibit manifestations for 
many hours.” 

Esophagography, the most sensitive test, demonstrated 
the perforation in 40 (93%) of the 43 patients who had this test. 
DeMeester” believes that the 5% to 10% rate of false-negative 
results may be due to the rapid passage of contrast medium 
while the patient is in the upright position. He recommends 
that the study be done with the patient in the lateral deeubitus 
position. A repeated study should be obtained if the first one 
yields normal results and the patient continues to complain of 
chest pain. 


Treatment 


Treatment recommendations range from immediate eso- 
phagectomy”™ to nonoperative therapy in selected patients.’ 
The treatment in our patients was individualized according to 
cause of injury, anatomic location, time to diagnosis, underly- 
ing esophageal disease, findings on esophagogram, and condi- 
tion of the patient. 

Primary closure, which was performed in all cases of trau- 
matic perforation, gave excellent results. This is the ideal 
treatment when the patient is in good health, there is no 
underlying esophageal disease, and the perforation is discov- 
ered early. This characterizes the average patient whose 
esophageal perforation follows external trauma. Michel and 
others“ recommend buttressing the esophageal repair with 
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adjacent tissue, particularly in combined injuries of the tra- 
chea and esophagus. Although tissue buttressing did not 
completely prevent tracheoesophageal fistula formation in 
such cases, it probably helps, and bringing a vascularized 
pedicle into a potentially ischemic area seems prudent, espe- 
cially with injuries from high-velocity missiles. 

Eight of our patients with underlying esophageal disease 
had this disease treated along with the perforation. Four 
patients with achalasia had a concomitant Heller myotomy. 
Four patients with benign esophageal strictures were treated 
by esophageal resection and reanastomosis. In general, in the 
absence of severe mediastinal infection, the esophageal dis- 
ease should be treated at the time of operation for the perfora- 
tion. Not only is thisexpeditious, but leaving a distal obstruc- 
tion (eg, as in achalasia or esophageal stricture) may 
jeopardize the closure. Furthermore, since the esophagus 
lacks a serosa, reoperations on the esophagus are often diffi- 
cult, and the technical results may not be as good. 

When the diagnosis is made late, the tissues will have 
become infected, which usually precludes a definitive opera- 
tion. The goal here is control of sepsis. In the past, esophageal 
exclusion was often recommended along with operative drain- 
age of the pleura and mediastinum. However, equivalent 
drainage can now be obtained using interventional radiologic 
techniques.” Most often the infection has become localized in 
the area of the perforation, and it can be drained by a tube 
passed by a nasoesophageal, gastroesophageal, or trans- 
pleural route. Frequent radiographic examinations allow re- 
positioning of the tubes to ensure adequate drainage. In high- 
risk patients with an uncontained perforation in whom the 
diagnosis is made late, a Celestin tube in addition to drainage 
may help control the infection. ® 

Nonoperative treatment resulted in no deaths, but this 
should not suggest that it can be considered an option in all 
patients. To get results like this, the patients must be careful- 
ly selected. When the diagnosis is made late, the extent of the 
infection is often evident, and decisions regarding treatment 


may be simpler than early after the perforation. In general, 
perforations in the neck, which are better tolerated than 
those located in the thorax or abdomen, can often be managed 
without surgery. When the diagnosis was made early, we 
reserved nonoperative therapy for cervical perforations ac- 
compan.ed by only mild symptoms and a small (contained) 
leak ev dent on the esophagogram. Thoracic perforations 
were treated nonoperatively only when the diagnosis was 
made lete, the leak was small and contained, and signs of 
infection were minimal. There is no role for nonoperative 
treatment of traumatic esophageal perforations regardless of 
location because the wounding instrument disrupts tissue 
planes that otherwise might contain the spread of infection. 

In summary, the clinical findings depended on the location 
and time since perforation, and in many cases nothing striking 
occurred for hours. Esophagography was the most accurate 
diagneszic test. Therefore, early diagnosis depends on a high 
index o? suspicion and aggressive use of esophagography, 
especially after manipulation of the esophagus. Perforation is 
so common after pneumatic dilatation for achalasia and the 
clinical findings are so nonspecific that esophagography 
should be performed routinely after this procedure. Factors 
that infiuence outcome include patient age and location and 
cause of perforation. The choice of treatment of esophageal 
perforation should take into consideration the cause of perfo- 
ration, ocation, time to diagnosis, presence of underlying 
esophageal disease, findings on the esophagogram, and pa- 
tient condition. Most thoracic or abdominal esophageal perfo- 
rations should be treated operatively. With thoracic perfora- 
tions, when the diagnosis is made late, the signs of infection 
are mild, and the leak is small, nonoperative treatment is 
acceptable. The same is true with early diagnosis of cervical 
perforations when symptoms are minimal. The underlying 
esophageal disease (as in achalasia or esophageal stricture) 
should be corrected when the diagnosis is made early and the 
patient’s condition permits. 
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Discussion 


WILLIAM NELEMS, MD, Vancouver, Canada: We have reviewed 
the experience at the Vancouver General Hospital fram 1950 to 1988 
with spontaneous and instrumental perforations of the esophagus. 
This time span covers both newer and older treatment modalities. 

We did not inelude intraoperative mishaps and penetrating trauma 
or those patients with perforations secondary to underlying malig- 
nant neoplasms. 

A total of 61 patients had esophageal perforation, 31 spontaneous 
and 30 postinstrumentation. 

As to reasons for late diagnosis, a significant number of spontane- 
ous perforations did net present with a classical Mackler’s triad. Ten 
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percent had normal chest x-ray films at the time of admission. Seven 
percent had normal contrast studies, even when the diagnosis was 
suspected. We also found a statistically increased mortality incidence 
in the spentaneous group compared with the instrumental group, 25% 
and 10%. respectively. 

The principles of management and treatment include the elimina- 
tion of contamination, wide and adequate drainage, antibiotic admin- 
istratien. and nutritional support. The methods of accomplishing 
these goals remain controversial. 

Because of the particularly high mortality associated with sponta- 
neous perforations, we believe that these should be treated oper- 
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atively even when diagnosed late. We prefer not to use stomach as 
patch material at the time of primary closure because of the high 
incidence of late gastroesophageal reflux. We prefer to use pleura or 
adjacent pericardial fat, but the key lies in the correct positioning of 
intraoperative chest tubes to ensure good drainage even if subse- 
quent leakage takes place. 

We are aggressive in the treatment of cervical perforations. We 
believe that cervical drainage is a minor procedure with minimal 
morbidity, whereas late sepsis from undrained perforations has seri- 
ous implications. 

The authors think that late intervention and sepsis preclude defini- 
tive operation, using, rather, exclusion operations, interventional 
radiologic techniques, and, in one case, a Celestin tube. We differ in 
this. Despite infection and sepsis, we would persevere, identify the 
mucous membrane for primary closure, buttress with adjacent soft 
tissue, and establish good drainage. The occasional patient seen late 
in this setting may require pulmonary parenchymal decortication to 
ablate infected pleural space. 

Patients with underlying esophageal disorders should have relief of 
this obstruetion at the time of interventional surgery. 

What were the concomitant injuries that the authors eneountered 
in the group of patients seen because of penetrating trauma, and how 
many had esophageal perforation as their only injury? 

In the feur patients with benign disease who were treated by 
esophageal resection and anastomosis, what was the extent of the 
perforation and why could the native esophagus not be preserved? 

Please comment on the type of nutritional support you have used in 
these patients in the modern era of the management of esophageal 
perforations. 

ROBERT STALLONE, MD, Oakland, Calif: I have been using dilute 
barium and getting cineradiographic studies in the iatrogenic perfo- 
rations. I have seen two cases where there were two separate perfo- 
rations during the dissection of the esophagus during a flexible endos- 
copy by a gastroenterologist. There was a perforation in the neck and 
reentry of the dissection at the gastroesophageal junction with a 
perforation there. We were able to avoid surgery and treat this 
patient conservatively. 

An iatrogenic perforation occurring in a patient undergoing radia- 
tion therapy for a midesophageal carcinoma that obstructed was 
successfully treated by using a cervicoabdominal approach and doing 
a transmediastinal esophagectomy, draining the mediastinum 
through the neck. 

In the spontaneous perforations into the right side of the chest, I 
have used a diaphragm pedicle to successfully close the perforation in 
two of three patients. 

P. RICHARD CARTER, MD, Covina, Calif: More attention should be 
focused on early diagnosis and treatment—the keys to survival. 
Esophageal perforation is certain if extravasation is seen on an 
esophagogram, but normal study results by no means exclude this 
possibility. Water-soluble contrast studies frequently fail to detect 
the site of injury. If a study using diatrizoate meglumine (Gastrogra- 
fin) yields normal or equivocal results, it should be repeated with a 
lateral decubitus view, or a barium swallow study should be done. 
Even a normal barium esophagogram cannot absolutely rule out the 
possibility of an esophageal perforation. 

If a leak is not seen on barium swallow, esophagoscopic visualiza- 
tion of the perforation is a valuable aid and adds to the diagnostic 
accuracy. A barium bolus produces more esophageal distention than 
diatrizoate meglumine and thus is more apt to show the leak. 

Although not without some risk, direct visualization of the rupture 
site may be definitive in the questionable case and especially helpful 
in the evaluation of foreign-body perforations. The rigid esophagos- 
cope is more reliable than the flexible one in locating the injury site. 

In his historic report of the first successfully treated spontaneous 
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esophageal rupture, Barrett in 1946 stated that “there +s a place for 
esophagoscopy as a preoperative procedure if there is an insoluble 
doubt between perforation of an abdominal peptic ulcer and perfora- 
tion of the esophagus.” 

How did the authors further evaluate the 7% of patients with 
esophageal perforation and a normal esophagogram? 

RICHARD G. FOSBURG, MD, La Jolla, Calif: The presenters indi- 
cate that perhaps 50% of these perforations are iatrogenic in nature, 
and I am wondering in this era of increasing quality assurance if we 
should not begin to look at the causes of iatrogenesis. We need reports 
that not only address management and treatment but that also begin 
to look at whether the injury is brétught on by error in teehnique, 
management, judgment, or by patient disease, or what-the underly- 
ing causes are that make iatrogenesis the major source of the prob- 
lem. Perhaps our learning experience would be facilitated if we talked 
about what we could do to prevent these entities. 

HAILE T. DEBAS, MD, San Francisco, Calif: We kave seen an 
increasing incidence of esophageal perforation following sclero- 
therapy. 

Are there any changes in the principles of management of perfora- 
tions due to sclerotherapy as compared with other types of perfora- 
tions, since they tend to evolve in a delayed fashion? 

Under what conditions would you abandon the esephagus and 
undertake esophageal resection in the management cf esaphageal 
perforation? 

BRUCE M. WOLFE, MD, Sacramento, Calif: We have made an 
effort to avoid esophageal diversion in the neck due to the magnitude 
of the reconstructive procedures. How many patients underwent 
cervical esophageal diversion and how many of those subsequently 
had a satisfactory outcome following reconstruction? 

DR PELLEGRINI: Among patients with external trauma, associ- 
ated injuries affected the trachea (five patients), the spimal cord (five 
patients), and the vessels (two patients). We believe resection should 
be considered when the underlying disease (for example, long, tight 
stricture or carcinoma) would be best treated by reseetion, and/or 
when the injury is so extensive that it cannot be repaired safely. The 
fitness of the patient, the degree of mediastinal contamination, and 
other factors must be considered when deciding for resection. Two of 
the factors that contributed the most to our good results are the 
ability to maintain adequate nutrition and the ability to eare for these 
patients in modern intensive care units. 

We use adjacent tissue to buttress the repair. 

In patients in whom we suspect a perforation and whc have normal 
contrast study results, we repeat the study. The use of barium 
increases the chance of detecting small perforations. Wefound endos- 
copy particularly helpful in ruling out an esophageal perfsration when 
examining patients with external trauma. In some patients with 
iatrogenic perforation, the endoscopist may detect it at the time it 
happens, when the instrument is still in place, and may be able to 
provide the surgeon with enough information that additiona! studies 
are not needed. 

The etiology of iatrogenic perforations is changing. We had some 
from sclerotherapy and some from balloon dilatation sor achalasia, 
which were not seen a few years ago. Our study forces “s to reevalu- 
ate some of these therapeutic options in the light of ther life-threat- 
ening complications. Three of our seven deaths were seen in patients 
with a perforation due to sclerotherapy. This is a devastating injury 
that, although occurring late and usually contained, may be lethal, 
primarily because of the underlying cirrhosis and gereral compro- 
mise of the patient. 

Whenever the esophagus can be repaired and there is no underly- 
ing abnormality that would indicate otherwise, every effort should be 
made to keep it. 


Esophageal Perforation—Flynretal 1215 


The Surgical Management of Impacted 
Common Bile Duct Stones Without 


Sphincter Ablation 


Jesse E. Thompson, Jr, MD, Robert S. Bennion, MD 


è Thirty-two consecutive patients with impacted ampullary or 
distal common bile cuct stones were managed prospectively. 
Preoperative indications for surgery were obstructive jaundice in 
13 patients (40.6%), acute cholangitis in 7 patients (21.9%), biliary 
pancreatitis in 6 patients (18.8%), acute cholecystitis in 5 patients 
(15.6%), and chronic cholecystitis in 1 patient (3.1%). No patient 
had a prior cholecystectomy, and all stones were removed retro- 
grade during cholecystectomy and open-duct exploration. There 
were no deaths, one retained stone in the biliary radicals, two 
episodes of mild pancreatitis, one superficial wound infection, 
and one minor bile leak. All patients have done well on follow-up. 
This study demonstrated that impacted biliary stones can be 
consistently and successfully extracted by the supraduodenal 
approach with minimal morbidity and no mortality, without re- 
sorting to duodenotomy and sphincter ablation. 

(Arch Surg. 1989;124:1216-1220) 


mpacted distal bile duct stones pose a difficult clinical 

challenge. Opinion is divided as to the optimal manage- 
ment of this problem, which ranges from open duodenotomy 
and sphincterotomy to endoscopic sphincterotomy with or 
without extracorporeal shock-wave lithotripsy.” In our expe- 
rience, patients with impacted distal biliary stones have had 
no prior biliary surgery. Moreover, unless invasive measures 
have been employed, it has not been possible to differentiate 
these patients preoperatively from those patients with com- 
mon duct stones that are not impacted. Therefore, in the vast 
majority of cases, the presence of impacted stones is only 
ascertained during the course of cholecystectomy and com- 
mon bile duct exploration for symptomatic gallstones. This 
analysis summarizes our experience in the operative manage- 
ment of a prospective series of patients with gallstones im- 
pacted in Vater’s ampulla or the distal eommon bile duct. 
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PATIENTS AND METHODS 


This report represents our experience with impacted ampullary or 
distal bile duct stones from July 1979 to January 1989. An impacted 
stone is one that does not float freely and is firmly lodged, and it 
usually cannot be extracted except by fragmentation or crushing. 
Each patient was admitted to and treated on the general surgery 
service. Various clinical factors were monitored and recorded, includ- 
ing admitting diagnosis, associated comorbid illnesses, indications for 
surgery, operative findings and procedures, postoperative complica- 
tions, and follow-up. Laboratory data gathered on each patient in- 
cluded a complete blood cell count, prothrombin time, partial throm- 
boplastin time, serum amylase levels, and liver chemistry values. 

In patients admitted with acute cholecystitis, the diagnosis was 
confirmed by ultrasonography and/or an iminodiacetic cholescintigra- 
phic scan. The presence of stones in the gallbladder was confirmed by 
ultrasonography in all the other patients. Endoscopic or transhepatic 
cholangiography were not routinely employed. Patients with acute 
cholecystitis, acute cholangitis, and obstructive jaundice were 
treated with broad-spectrum parenteral antibiotics preoperatively 
and postoperatively. Elevated serum amylase levels were allowed to 
return to normal prior to surgery in patients with biliary pancreatitis. 

The timing of the operative procedure following admission was not 
mandated but was left to the discretion of the operating surgeon. 
Each patient underwent cholecystectomy and operative cholangiog- 
raphy unless a preoperative cholangiogram had been obtained or a 
palpable common duct stone was identified (Fig 1). The common bile 
duct explerations were always performed through a low-lying supra- 
duodenal longitudinal choledochotomy. Irrigating catheters, stone 
forceps, scoops, and balloon catheters were used routinely to remove 
all stones, sludge, and debris from the common bile duct. Operative 
biliary endoscopy was performed in each patient using a 40-mm rigid, 
right-angled choledochoscope (Karl Storz GmbH and Co, Tuttlingen, 
West Germany). 

This endoscopy revealed at least one stone impacted in the distal 
bile duct or Vater’s ampulla in each patient. In the vast majority of 
cases, bimanual extraction was required for stone removal. This 
entailed placing the left hand behind the previously kocherized duo- 
denum and head of the pancreas while the right hand manipulated, 
crushed, and removed the stone(s) with forceps. Visual monitoring of 
this piecemeal stone removal was greatly facilitated by the choledo- 
choscope in most patients. In some patients, stones and stone frag- 
ments were removed successfully with a balloon catheter under 
direct vision with the choledochoscope. Care was taken not to push 
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Fig 1.—Operative cystic duct cholangiogram demonstrating stone 
impacted in distal common bile duct. 


the stones through the duodenum; instead all the stones were ex- 
tracted in a retrograde fashion and in no instance was a transduodenal 
sphincterotomy performed. 

Following the removal of all stones, complete biliary endoscopy 
was again performed, assuring patency of Vater’s ampulla and clear- 
ance of the bile ducts. Moreover, 10F rubber catheters or 3-mm rigid 
dilators were also gently passed through the ampulla in every pa- 
tient, further documenting patency. The bile ducts were decom- 
pressed with T tubes, and completion cholangiograms were obtained 
at the conclusion of the duct exploration in all patients, except one 
who was pregnant (Fig 2). Closed suction catheters were routinely 
placed in the gallbladder bed and all tubes exited the skin through 
separate stab weunds. Follow-up cholangiograms were obtained be- 
tween the seventh and 10th postoperative days and the T tubes were 
removed 3 to 4 weeks postoperatively. 

Statistical analysis of the data was performed using either Stu- 
dent’s two-tailed t or x“ tests, where appropriate. 


RESULTS 


Ninety-nine common bile duct explorations have been per- 
formed by us fer biliary stone disease during the study period. 
Of these, there were 32 patients with impacted ampullary or 
distal bile duct stones who were treated prospectively and 
who were not distinguishable preoperatively from those pa- 
tients without impacted stones. In this group of patients with 
impacted stones, 7 were men and 25 were women, with a 
mean age of 41.1 years (range, 19 to 92 years of age). Each 
patient was admitted with manifestations of gallstone dis- 
ease. The indieations for surgery were obstructive jaundice in 
13 patients (49.6%), acute cholangitis in 7 patients (21.9%), 
biliary pancreatitis in 6 patients (18.8%), acute cholecystitis 
in 5 patients (15.6%), and chronic cholecystitis in 1 patient 
(3.1%). Ultrasonography showed gallstones in all patients, 
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Fig 2.—T-tube cholangiogram at the conclusion of the common duct 
exploration demonstrating stone removal and patency of the distal bile 
duct. 


and, in addition, 1 patient with acute cholangitis had a preop- 
erative transhepatic cholangiogram obtained and 1 patient 
with obstructive jaundice had a diagnostic endoscopic retro- 
grade cholangiogram obtained. 

Thirteen associated conditions were present in 11 patients 
(hypertension in 4 patients, type II diabetes mellitus in 4 
patients, atherosclerotic cardiovascular disease in 2 patients, 
intrauterine pregnancy in 2 patients, and chronic obstructive 
pulmonary disease in 1 patient). The mean values of the 
various laboratory measurements for the different patient 
categories are shown in the Table. The differences exhibited 
clearly reflect the various pathophysiologic processes of the 
different patient groups. 

In six patients (18.8%), the T-tube cholangiegrams ob- 
tained at the conclusion of the operation revealed that no 
contrast entered the duodenum. The indications for surgery 
in these patients were obstructive jaundice in three patients, 
acute cholangitis in two patients, and biliary pancreatitis in 
one patient. In each instance, the operation was terminated at 
this point because patency of the distal bile duct and ampulla 
had been documented endoscopically and by catheter. 

There were no deaths in this series of 32 patients. The 
postoperative complications included the following: one epi- 
sode of mild hyperamylasemia that rapidly resolved, one 
episode of mild pancreatitis that required rehospitalization, 
one minor bile leak that cleared in 3 days, and one superficial 
wound infection. In addition, there was one retained stone 
that had been visualized at surgery high in the biliary radicals 
that could not be removed. We elected not to perform a biliary 
bypass but to attempt basket extraction 6 weeks postopera- 
tively after the edema had resolved, which was successful. 
There were no intra-abdominal infections, major bleeding 
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episodes, or visceral disruptions. Likewise, there were no 
reoperations in these patients, and all patients have done well 
at this writing without recurrence of symptoms. 

Patients with acute cholangitis seemed to be different from 
the rest of the study population. Four of seven were men 
(57.1%), compared with three (12%) of the remaining patients 
(x? = 4.34, df=1; P<.05). In addition, the mean age of patients 
with cholangitis was significantly greater, at 55.5 years, than 
the mean age for other patients at 37.1 years (t =2.97, df=30, 
P<.01). Although more patients with acute cholangitis had 
associated conditions (57.1% vs 32%), this difference was not 
significant and was probably related to the increased age of 
these patients. The patients with the postoperative wound 
infection and bile leak were in this group with cholangitis, 
while the remainder of the complications occurred in the 
patients with obstructive jaundice. 


COMMENT 


Impacted ampullary or distal common bile duct stones may 
be managed by a variety of techniques depending on the 
clinieal circumstances at hand. For those patients with re- 
tained or recurrent biliary stones discovered after a prior 
cholecystectomy and/or common bile duct exploration, endo- 
scopic sphincterotomy with attempted stone extraction is the 
preferred method, unless a T tube is still in place, providing 
easy access to the bile duct for stone manipulation.***” In 
either scenario, the prerequisites for success are adequately 
trained personnel and the availability of appropriate 
equipment. 

Numerous authorities have attested to the safety and effi- 
cacy of endoscopic sphincterotomy in this setting for all types 
of stones, including the removal of stones greater than 20 mm 
in diameter.*’ However, significant potential postprocedure 
complications exist that include pancreatitis, duodenal perfo- 
ration, hemorrhage, and cholangitis, but the incidence of 
these complications is less than 5% to 7% and the stated 
mortality is less than 1% to 2% in low-risk patients.**** More- 
over, these complications seem to decrease with experience. 
In spite of the phenomenal success of roentgenographic and 
endoscopic procedures i in extracting stones and obviating the 
need for reoperations in numerous patients with benign bili- 
ary disorders, these are not a panacea for all patients. Specific 
indications for reoperations on the biliary ductal system for 
benign disorders still exist and include iatrogenic strictures, 
malfunctioning biliodigestive anastomoses, intrahepatic 
stones with strictures, and complications of the endoscopic 
and roentgenographice techniques.’ The surgeon must be 
prepared to deal with these situations appropriately and 
efficiently. 

Recently, there have been preliminary reports document- 
ing the successful removal of retained common bile duct 
stones with electrohydraulie shock-wave lithotripsy aided by 
endoscopic techniques, but the precise role of this modality in 
the management of retained stones in general and, specifical- 
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Mean Laboratory Values for Patient Groups 


White Blood Total Alkaline Alanine 

Patient Cell Count, Bilirubin Phosphatase PR 2 Aminotransferase Amylase 

Group x 10°/L Level, mol/L ae U/L ae U/L ae U/L ee U/L 
Obstructive jaundice 90.6 
Acute cholangitis 15.3 111.2 
Biliary pancreatitis 12.8 1568 
Acute cholecystitis 15.8 
Chronic cholecystitis 6.8 207 362 67 





ly, those impacted in the ampullary region awaits the results 
of controlled trials.” 

For patients with a gallbladder in place and suspected 
common bile duct stones, including those that are impacted, 
the treatment of choice is still surgical, except in some very 
special circumstances. These include those patients who are 
at high risk for general anesthesia and some patients with 
acute cholangitis in whom better control of sepsis prior to 
surgery is desired.”” Endoscopic sphincterotomy with or 
without a nasobiliary tube has been employed with some 
success in these circumstances, although the problem of the 
gallbladder still remains. As acute cholecystitis has occurred 
in up to 25% of these patients on follow-up,” a planned 
elective cholecystectomy has been proposed by most investi- 
gators.'*” In addition, extracorporeal shock-wave lithotripsy 
has also been used in these situations.” 

More controversial has been the initial treatment of biliary 
pancreatitis with endoscopic sphincterotomy.” We are in 
agreement with Kelly and Wagner” that most of the stones in 
these patients pass spontaneously and that very few of the 
stones remain impacted in Vater’s ampulla for extended peri- 
ods. Moreover, the optimal management of these patients is 
cholecystectomy, intraoperative cholangiogram, and possible 
common bile duct exploration after the signs of acute inflam- 
mation have subsided. 

Since virtually all impacted ampullary or distal common 
bile duct stones in our experience have occurred in patients 
with a gallbladder in place, and since these patients have been 
indistinguishable from those with common duct stones that 
are not impacted, we are also of the opinion that an operative 
approach is the treatment of choice. The three most common 
patient presentations are as expected: obstructive jaundice, 
acute cholangitis, and biliary pancreatitis, but we have also 
treated patients with impacted ampullary stones who pre- 
sented with uncomplicated acute and chronic cholecystitis. 

Biliary endoscopy is paramount in the operative manage- 
ment of these patients with impacted biliary stones. On many 
occasions, the stones seem to be removed by the traditional 
extraction techniques, only to be revisualized when the chole- 
dochoscope is reintroduced into the operative field. Bimanual 
manipulation of the kocherized duodenum and head of the 
pancreas greatly facilitates stone visualization and extrac- 
tion. On many occasions, the stones come out piecemeal, 
which has been described by others.” Another feature of 
endoscopy is that the surgeon can document and demonstrate 
the patency of the distal bile duct and Vater’s ampulla follow- 
ing stone removal, especially in those circumstances where 
cholangiography would indicate otherwise.” In addition, la- 
ser lithotripsy coupled with flexible endoscopy,” while cur- 
rently an investigational technique, holds promise for the 
future in the management of impacted biliary stones. 

Diligence and patience with visualization, manipulation, 
and extraction of the impacted stones paid dividends i in this 
series since in no instance was the transduodenal approach 
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required for stone removal. Most large series of biliary sur- 
gery include several patients in whom transduodenal sphinc- 
terotomies were employed for impacted distal bile duct stones 
and/or stenosing papillitis."** We believe that meticulous 
technique and the liberal use of biliary endoscopy can virtual- 
ly eliminate the transduodenal approach in the management 
of impacted distal bile duct stones with less morbidity and 
mortality. We recognize that whereas stenosing papilhtis has 


not been a problem in our patients, it does occur from time to 
time and will require sphincter ablation. For those rare pa- 
tients with stenosing papillitis or the impacted stone that 
cannot be removed via the supraduodenal method (which we 
have not encountered), the surgeon should consider a trans- 
duodenal sphincteroplasty for removal unless the patient is at 
prohibitive risk. In those cases, an endoscopic approach 
would be appropriate. 
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Discussion 


CARLOS A. PELLEGRINI, MD, San Francisco, Calif: The ehoice of 
treatment for patients with choledocholithiasis with gallbladder in 
situ is a cholecystectomy with choledocholithotomy. However, for 
patients who are considered high risk for surgery, endoscopie papillo- 
tomy offers a good alternative. Provided that the duct is cleared of all 
stones, the chance of recurrent problems is minimal, even in patients 
with obstructed cystic ducts. 

When the stones are located in the distal common bile cuct, the 
majority of them can be retrieved through a choledochotomy. It is 
important to mobilize the duodenum appropriately so that the opera- 
tor may hold the duodenum and the head of the pancreas with the left 
hand while using his right hand to manipulate the instruments with 
which the duct is being explored. This maneuver minimizes injury to 
the bile duct and the chance of creating a false passage, as the 
advancing instrument (and sometimes the stones) can be felt easily 
between the thumb and the index finger and the middle finger of the 
operator's left hand. 

In most of these patients, it is easier to remove the stones with 
biliary scoops than with stone forceps. Following removal of the 
stones, choledochoscopy will help determine if the duct is clear. I 
reserve the term impacted for those stones that are truly impacted in 
the distal bile duct. The authors performed 99 choledochotomies 
during this study and found 32 impacted stones. This suggests that 
one third of all common bile duct stones are impacted, a number most 
of us would regard as too high. 

IAIN G. M. CLEATOR, MD, Vancouver, British Columbia: We don’t 
often get the chance to operate on these patients. A 70-year-old 
woman was recently admitted in shock with suppurative cholangitis. 
After ultrasonography was performed, the radiologist put a biliary 
catheter in the patient. She was immediately much betzer. Our 
gastroenterclogist performed an endoscopic retrograde cholangio- 
pancreatography and papillotomy and crushed the stone. The patient 
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went home with no complications. I simply didn’t get the chance to 
operate on this woman. 

We have some very good alternatives now, and the morbidity and 
mortality from endoscopic retrograde cholangiopancreatography and 
from lithotripsy is so low that you wonder whether common duct 
exploration is really worth persisting in the presence of a very badly 
impacted stone and going through the trauma that sometimes occurs. 
If you have a very badly impacted stone and the patient you are 
operating on has cholangitis, will you persist? I was always trained 
not to do this. Are you seeing these patients primarily or ave they 
being intercepted along the way as mine was? 

HENRY A. PITT, MD, Baltimore, Md: With the aid of a choledo- 
choscope, almost all stones can be retrieved by the supraduodenal 
approach. What percentage of patients would have needed a sphinc- 
teroplasty had a choledochoscope not been available? I would esti- 
mate that approximately half of your patients were spared a sphinc- 
teroplasty, at least in part, because of the choledochoscope. Would 
you agree? 

You used the rigid choledochoscope with a 4-cm side arm. Rigid 
scopes with a 6-cm side arm as well as flexible scopes are available. Do 
you use these other scopes? 

At The Johns Hopkins Hospital, Baltimore, we have observed 
patients with small ducts containing stones who undergo expleration 
by the supraduodenal approach and subsequently develop a stricture 
at the choledochotomy site. Therefore, we have been instructing our 
residents to perform a transduodenal sphincteroplasty without a 
choledochotomy in patients with small ducts. In this situation, we 
recommend passing a small Fogarty catheter via the cystic duct to 
help identify the sphincter before opening the duedenum. Should the 
supraduodenal approach be avoided in the small subset of patients 
with small ducts? 

JOEL J. ROSLYN, MD, Los Angeles, Calif: In this era when surgeons 
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are being pushed to the limit by our nonsurgical colleagues to justify 
why we are performing certain procedures, and especially consider- 
ing the growing popularity of endoscopic retrograde cholangiopan- 
creatography, it is important to emphasize that surgery still has a 
very important role in the management of patients with gallstone 
disease. 

One of the points made in the report was the use of the choledochos- 
cope, not only to identify stones present in the duct, but also to 
document the patency of the duct at the conclusion of exploration. 
Quite often after common bile duct exploration, the ampullary mecha- 
nism is in spasm so that eontrast doesn’t go into the duodenum on the 
completion cholangiogram. If one uses the choledochoscope judicious- 
ly at the conclusion of the procedure and documents that no stones are 
present, you can restmore easily. 

Could you give us some more information about the timing of your 
operation in relation to the patient’s presentation, particularly in the 
patient who had gallstone pancreatitis? What would be your approach 
if, in fact, you knew beforehand that this patient had an impacted 
stone? 

What is the role of sphineterotomy in a patient with gallstone 
pancreatitis? Implicit in your whole thesis is that there is some 
rationale for saving the sphincter. Why is it important to save the 
sphincter mechanism? We would like to avoid opening the duodenum 
with its potential risk for a duodenal fistula, but in terms of digestive 
function and from the physiologic point of view, what benefit is there 
to preserving the sphineter mechanism? What is the role of sphincter- 
otomy in patients who have primary common bile duet stones? 

THEODORE X. O’CONNELL, MD, Los Angeles, Calif: In the truly 
impacted stone, I find the use of stone forceps actually makes the 
situation worse. It pushes the stone forward and impacts it more. I 
have used the Fogarty biliary catheter past the stone, and with the 
balloon, pull the stone back quite easily. If this can’t be done, a red 
Robinson catheter inserted backwards so that the flange side is on top 
of the stone can help by putting the catheter en high suction and 
pulling the impacted stone out. 

RONALD K. TOMPEINS, Los Angeles, Calif: I am pleased to sponsor 
this report based on patients cared for entirely at Olive View County 
Medical Center, Sylmar, Calif, an integrated part of our training 
program. The point of this report is that surgery is still safe and still 
the gold standard by which to judge other procedures that may be 
proposed for the patient with common duct stones. 

Endoscopic papillotomy is a valid procedure, but we would propose 
it only for high-risk patients. We would not propose this as a routine 
procedure to leave the gallbladder in place. Techniques for common 
bile duct exploration vary but the key is that once you have explored 
the common duct by your usual method, endoscopy should be done. 
Whether you use a flexible scope or a rigid scope makes no difference, 
but you must look at the ducts and make sure that you don’t have any 


residua stones, injuries, or unsuspected lesions. 

The cefinition of impacted stone may vary. Some are very loose in 
this interpretation in the sense that if there is a long operating 
scheduk and you find a stone down at the distal end of the duct that 
gives ycu trouble getting it out, you may be tempted to put a T tube in 
and say “my endoscopist or radiologist will get it out for me later on.” 

It is very difficult to assess the safety or cost-effectiveness of 
additional procedures no matter how inexpensive they seem, espe- 
cially if they are, in fact, unnecessary. It is the surgeon’s responsibil- 
ity to explore the duct as completely as possible and do it right the 
first time because there are morbidity and mortality risks with 
endoscopic and radiologic procedures that one shouldn’t pass off. In 
this particular series, the surgeons vigorously removed these im- 
pacted stones. 

The high percentage rate of impacted stones in this hospital setting 
may well be due to the fact that the patients largely ignore their 
diseases until very late in the course. This emphasizes even more how 
careful zhe management was with the zero mortality and low morbid- 
ity in this group of patients. 

The endoscopist and the radiologist may interrupt our treatment of 
patients with stones. We don’t see many of these patients initially. 
They are often referred directly to a radiologist or gastroenterologist 
in our mstitution. If the choledochoscope had not been available, 
perhaps half of the group would have needed to undergo 
sphincteroplasty. 

It is very important to recognize that since the introduction of 
routine choledochoscopy at our institution, we rarely have had to 
open the duodenum and perform a sphincteroplasty to remove stones 
from the bile duct. 

One retained stone was noticed on choledochoscopy in this series. 
My usual procedure has been to do some type of drainage procedure 
when tkat occurs, but it is reasonable, in the surgeon's judgment, to 
avoid the procedure, and in this case, the results were successful. 

I have not seen strictures at the choledochotomy site. They must be 
very rare, so I would not add to morbidity and mortality the risk of a 
duodenotomy and sphincterotomy in the case of a small stone in a 
small duct. I would go ahead and explore the duct and close it very 
carefully. 

Operations in patients with pancreatitis were performed between 3 
and 5days after admission. None of the patients was sent home after 
their pancreatitis subsided. If we knew beforehand that there were 
impaeted stones, endoscopy or transhepatic procedures would be 
considered in certain poor-risk patients, but not in the usual cases. 

There is evidence in the literature that preservation of the sphinc- 
ter, when it is working well, does have a beneficial effect. Is it 
necessary in all patients who have had biliary pancreatitis to divide 
the sphincter and do a septotomy? In my view it is not, and we would 
not rely-on that as an indication to do a sphincterotomy. 


In Other AMA Journals 


ARCHIVES OF PATHOLOGY 


Identification and Functional Characterization of Mononuclear Cells by Flow Cytometry 


Robert A. Bray, PhD, Alan L. Landay, PhD 


Flow cytometric technology has evolved tremendously over the past 5 years. Among the major advance- 
ments have been the development of monoclonal antibodies, fluorescent labels, and computer software that 
makes it possible to perform routine multiparameter analyses. The clinical application of such analyses 
requires that standards and quality control procedures be established. Areas that need to be specifically 
addressed include sample preparation, staining, instrument cal bration, and sample and data analysis. This 
study describes the basic elements involved in establishing such procedures and explores the use of 
multiparameter flow cytometric analysis in the characterizatiomof peripheral blood mononuclear cells. Two- 
color, ‘low cytometric analysis of T, B, and natural killer cells ean provide important insights into the biologic 
features of these cells as well as significant diagnostic informatien (Arch Pathol Lab Med. 1989;113:579-590). 

Reprint requests to Department of Immunology/Microbiology, Rush Medical Center, 1653 W Congress Pkwy, Chicago, IL 


60612 (Dr Landay). 
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Heart Transplantation During 
the First 12 Years of Life 


Leonard L. Bailey, MD; Michael Wood, MD; Anees Razzouk, MD; Glen Van Arsdell, MD; Steven Gundry, MD; 


The Loma Linda University Pediatric Heart Transplant Group 


è Since November 1985, forty-four heart transplants have 
been accomplished in 43 infants and children younger than 12 
years of age. Indications for transplantation included structural 
heart disease (31 patients), idiopathic or viral cardiomyopathy 
(10 patients), and combined structural and myopathic disease (2 
patients). Postoperative recipient surveillance was achieved 
noninvasively during the first year of life; endomyocardial biopsy 
was employed in children. Maintenance immunosuppression in- 
cluded cyclosporine and azathioprine therapy during the first 
year after transplantation in young infants, graduating to cyclo- 
sporine therapy alone beyond the first year. Azathioprine therapy 
was continued indefinitely in children. There have been 5 peri- 
operative deaths and 1 late death in this series of recipients. 
Overall survival was 86%. Growth, development, and psychoso- 
cial adjustments generally have been excellent. Donor heart 
growth has been normal. Coronary artery disease has not yet 
been observed. Our findings indicate that heart transplantation 
seems to be effective therapy for selected incurable pediatric 
cardiac diseases. 

(Arch Surg. 1989;124:1221-1226) 


linieal heart transplantation has been performed for 

more than 20 years in the United States and abroad." 
Until recently, however, this form of therapy was generally 
limited to young adults with end-stage acquired cardiomyo- 
pathic diseases.™ As reports of heart transplantation in chil- 
dren began to appear, it became clear that, with scattered 
exceptions, children were being defined mainly as teenagers 
suffering from acquired cardiomyopathies.*** Very few chil- 
dren in these reports have been treated primarily for complex 
structural heart disease. More recently, successful heart re- 
placement therapy in early infancy has been documented.*" 
Our article summarizes the Loma Linda (Calif) University 
total experience with the application of cardiac allotransplan- 
tation to neonates, infants, and children younger than 12 
years of age. 


Accepted for publication June 12, 1989. 

From the Division of Cardiothoracic Surgery, Department of Surgery, Loma 
Linda (Calif) University Medical Center. 

Read before the 60th Annual Meeting of the Pacifie Coast Surgical Associa- 
tion, Vancouver, Canada, February 22, 1989. 

Reprint requests to the Division of Cardiothoracic Surgery, Loma Linda 
University Medical Center, Loma Linda, CA 92354 (Dr Bailey). 
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PATIENTS AND METHODS 


Since November 1985, forty-three infants and childrermunder age 
12 years have been treated with 44 orthotopic cardiac allotransplants. 
Table 1 summarizes this group of patients, dividing them arbitrarily 
by age into two groups —33 patients aged 0 to 6 months (group A) and 
10 patients aged 6 months to 12 years (group B). The mæt common 
indication for heart transplantation in group A was ineorrectable 
structural heart disease. As might be expected, acquired »r congeni- 
tal cardiomyopathy was the most frequent indication for heart re- 
placement in the older group B patients. One patient in group B had 
sequential heart transplants. The initial heart failed to cope with 
elevated pulmonary vascular resistance. The second, nmch larger 
heart tolerated the increased pulmonary resistance, but -he patient 
died of multisystem failure 2 weeks after the second trarsplant. He 
had received full mechanical circulatory support for over 20 hours 
between transplants. 

Early in this experience, donors were transported to the Loma 
Linda University Medical Center for onsite removal of designated 
organs. On occasion, this is still done if the donor family emsents and 
the procurement process seems better facilitated. Currently, howev- 
er, heart grafts are obtained most often by distant precurement. 
Single-dose cold crystalloid cardioplegia and inflow occlusion—diver- 
sion are techniques used to remove and preserve the heart. The heart 
is transported in a cold crystalloid solution. Operations aredone using 
hypothermic circulatory arrest (47 to 68 minutes) in neonates and 
young infants, and hypothermic extracorporeal perfusion is used in 
children. Techniques of recipient preparation and operation have 
been previously reported.” 

Postoperative surveillance was by noninvasive techniques among 
group A recipients. Endomyocardial biopsy was utilized seleetively 
among group B patients. Maintenance immunosuppression was 
based on cyclosporine therapy and enhanced with azathioprine thera- 
py only during the first posttransplant year in group A. Azathioprine 
therapy was continued indefinitely in group B. Table 2 sammarizes 
the immunoregulative protocol for this series of patients. Steroid 
therapy was used in the management of suspected or documented 
acute rejection episodes in both groups but was not a part of long- 
term maintenance of immunosuppression in either group. 


RESULTS 


Our surveillance of group A lasted for 283 patient-months, 
with survival averaging 10.4 months (range, ®.5 to 39 
months). This postoperative surveillance lasted for 77 pa- 
tient-months for group B, with survival averaging 1 months 
(range, 3 to 25 months). There were 5 perioperative deaths (4 
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Table 1.—Pediatric Transplant Demographics* 


Recipient 
 '_ DV oa sss —— SF 
Blood Circulatory 


Patient No./ Type of Previous Group Arrest, Postoperative Current Cause of 
Age/Weight, kg Heart Disease Cardiac Surgery (ABO) min Hospitalization Status Death 
Group A, 0-6 mo 
1/4 d/2.8 HLHS ary O+ 64 33 A 
2/17 d/3.7 HLHS pe O+ 60 21 A 
3/3.5 mo/3.3 HRHS with TGA wien B+ 65 23 A 
4/16 d/4.2 HLHS Balloon septostomy O+ 59 44 A "he 
5/24 d/2.1 HLHS ass O- 48 12 D Perforated peptic ulcer 
6/2 mo/3.5 HLHS sta O- 55 5 D Graft failure un- 
related to rejection 
7/2.5 mo/3.2 Complex AYSD eth A- 61 20 A ay 
8/7 d/3.0 HLHS P A- 57 12 D Necrotizing 
pneumonitis 
9/3 h/2.9 HLHS Dims AB+ 47 35 A 
10/11 d/3.9 HLHS aa B- 49 36 A 
11/2.75 mo/4 HLHS ‘Xe O+ 56 21 A 
12/18 d/2.7 HLĦS P. A- 64 26 A 
13/8 d/3.8 HLHS git O+ 54 17 A 
14/21 d/3.0 HLHS ar 0- 50 15 A 
15/5.75 mo/7.2 Cardiomyopathy itd O+ 44 19 A N 
16/2 mo/3.8 Complex SV Ai 0O- 54 33 D Perforated peptic ulcer 
17/2.5 mo/3.8 HLHS Open and closed aortic valvotomy O- 47 45 A 
18/17 d/3.3 HLHS wheal A- 63 24 A 
19/15 d/3.5 HLHS wid O+ 55 44 A 
20/21 d/4.0 HLĦS ag’ A- 65 20 A 
21/5.5 mo/5.1 Cardiomyopathy he O+ 56 27 A 
22/26 d/3.4 HLHS rai A- 64 16 A 
23/17 d/4.4 HLHS bei O+ 54 20 A 
24/2 mo/2.3 Truncus type I| and HLHS a A- 58 32 A 
25/1 mo/3.0 Cardiomyopathy om A- 57 15 A 
26/23 d/4.2 Ebstein's anomaly il A- 55 49 A 
27/3 mo/3.8 HLHS and cardiomyopathy = B- 59 18 A 
28/4 mo/3.1 SV with subaortic stenosis ons O+ 69 14 A 
29/2 mo/5.0 HLHS wN O+ 62 14 A 
30/20 d/4.0 HLHS L A- 59 19 A 
31/3.75 mo/2.6 HLHS PA band B- 43 13 A 
32/1.5 mo/4.4 HLHS, cextroversion, and ee AB+ 68 10 A 
atria! situs solitus 
33/13 d/4.0 HLHS Balloon septostomy A- 64 N/A A 
Group B, 6 mo-12 y 
1/14 mo/9.2 Cardiomyopathy ‘ae A- 42 18 D Late acute rejection 
2/3 y, 3 mo/10 Cardiomyopathy Coarc repair and aortic valvotomy A- 39 and 6 15 D Pulmonary HTN 
3/11 y, 11 mo/42 Viral cardiomyopathy nod 0- 0 38 A 
4/8 y, 5 mo/25 Cardiomyopathy RE B- 0 66 A 
5/6 y, 4 mon 5 Complex CHD and Multiple palliative procedures AB + 0 43 A 
cardiomyopathy 
6/5 y, 10 mo/17 Encomyocardial fibrosis ba B- 0 24 A 
7/7 mo/7.4 Cardiomyopathy ‘ath O+ 46 21 A 
8/2 y/9.7 Cardiomyopathy a ©+ 52 19 A 
9/8 y/20.0 Cardiomyopathy suk O- 0 N/A A 
10/3 y/10.6 SV pulmonary atresia, Bilateral Glenn shunts and A- 62 N/A A 
dextroversion, bilateral BT shunts 
asplenia, and 


atria! situs solitus 


*Demographic data are on infants and children receiving heart replacement therapy at Loma Linda (Calif) University between November 1985 and January 
1989. HLHS indicates hypoplastic left heart syndrome; HRHS, hypoplastic right heart syndrome; TGA, transposition of great arteries; AVSD, atrioventricular septal 
defect; SV, single ventricle; BT, Blalock-Taussig; CHD, congenital heart disease; D, dead; A, alive; N/A, not applicable and HTN, hypertension. 

tTwo transplants. 
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ree —_... ee | 
Graft Cold 


lid 


14d 


3.5 mo 
9 mo 
6 mo 
5.5 mo 
2d 

3 mo 
9 mo 
7mo 
5d 
4.5 mo 
9 mo 
ly 
1.5y 
2 mo 
6 mo 
6 mo 
3 mo 
3 mo 


5.5 mo 


14 mo 
2 y, 6 mo and 


Weight, 
kg 


4.0 
3.8 
3.3 
4.0 
2.0 
2.6 


2.5 
3.1 


2.7 
4.1 
6.4 
3.4 
3.4 
3.3 
6.2 
7.8 
7.0 
6.6 
2.2 
6.6 
5.9 
8.2 
2.6 
7.0 
7.4 
10 

11 

4.3 
7.5 
5.7 
5.5 
6.0 


6.1 


8.5 


12 and 
24 


60 
60 
27 


Donor 


Blood 
Group 
(ABO) 


O+ 


A-— and 


A+ 
O+ 
B+ 
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Type of 


Procurement 


In-house 
In-house 
In-house 
In-house 
In-house 
Distant 


In-house 
In-house 


In-house 
In-house 
Distant 
In-house 
In-house 
In-house 
In-house 
Distant 
Distant 
Distant 
In-house 
Distant 
Distant 
In-house 
Distant 
Distant 
In-house 
Distant 
Distant 
In-house 
Distant 
Distant 
Distant 
Distant 


In-house 


Distant 


Distant and 


in-house 
Distant 
Distant 
In-house 


Distant 
In-house 
Distant 
Distant 
Distant 


Ischemic 
Time, 
h:min 


1:57 
1:59 
2:00 
2:02 
1:30 
3:16 


1:48 
1:55 


1:35 
1:50 
4:40 
1:55 
1:48 
1:37 
1:34 
3:54 
5:30 
5:10 
1:41 
5:20 
6:05 
2:09 
6:59 
3:35 
1:42 
6:59 
3:29 
2:11 
5:05 
5:55 
4:55 
6:33 


1:52 


2:14 


2:15 and 
0:51 


1:52 
2:24 
0:52 


2:48 
1:36 
4:40 
3:50 
8:17 





Table 2.—Protocol for Immunoregulation of Pediatric Heart 
Transplant Recipients 


Immunosuppression Protocol 
Cyclosporine 
First-year whole blood levels, 400-600 ng/mL 
Beyond 1 year, 200-400 ng/mL 
Azathioprine 
1-3 mg/kg of body weight 
Group A, treatment tapered and discontinued beyond 1 year 
Group B, adjusted to white blood cell count >4 x 10°/L 
Immunosupportive Protocol 
6% gamma globulin 
Perioperative prophylaxis, 200-400 mg/kg of body weight, 
1-3 doses 
Rejection episode prophylaxis, 200-400 mg/kg of body 
weight, 1-3 doses 
Specific therapy (cytomegalovirus), 200-400 mg/kg of body 
weight, serial doses 
Rejection Protocol 
Patient condition 
No symptoms (outpatient) 
Mild symptoms (inpatient) 
Moderate to severe symptoms (inpatient) 
Medications 
Intravenous steroids for no symptoms 
Intravenous steriods for mild symptoms 
Antithymocyte globulin—OKTS3 plus intravenous steroids for 
moderate to severe symptoms 


in group A and 1 in group B) and 1 late death (in group B) to 
date, for an overall survival of 86% (group A, 88%, and group 
B, 80%). Twenty-five of the last 26 consecutive group A 
patients are alive (96%). The last 8 consecutive group B 
patients are alive. Most group A and B patients have been 
treated for at least one episode of suspected or confirmed 
acute allograft rejection. The single late death in group B was 
from severe acute rejection (second episode). There were no 
late deaths in group A. Perioperative hospitalization for our 
patients averaged 24 days (range, 9 to 48 days) for group A 
recipients and 33 days (range, 18 to 66 days) for group B 
recipients. Most group A and B patients experienced one or 
more common childhood infections, but only 1 death (peri- 
operative) occurred in this series of transplant recipients as a 
result of infection. 

Growth and development of these patients were generally 
satisfactory. One group A survivor had a significant, but 
improving neurologic handicap. There were no apparent re- 
nal or hepatic side effects of immunosuppression. 

Currently, no long-term recipient of therapy in this series is 
hypertensive, and, thus, no patient is receiving antihyperten- 
sive medication. Accelerated coronary atherosclerosis has 
not yet been observed. Graft growth and function were docu- 
mented at 10 to 18 months after surgery among six group A 
and two group B patients.” Isolated residual or acquired 
coarctation of the aorta (at the distal reconstruction site) was 
documented in four group A survivors. The pressure gradient 
across this aortic site was abolished by balloon aortoplasty 
(two patients) and by coaretectomy (one patient). One group 
A patient, 3 years after transplantation, had a modest residu- 
al pressure gradient (24 mm Hg) following balloon aorto- 
plasty. She had no proximal hypertension at rest, and thus 
will be reevaluated invasively between 5 and 6 years of age 
and will be reconsidered for balloon aortoplasty or surgical 
repair at that time. 


COMMENT 


Heart transplantation in infants and children is slowly be- 
coming a reality. Donor and recipient families are becoming 
increasingly aware of the possibilities and probabilities of 
heart replacement. Age- and size-compatible donor accessi- 
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Fig 1.—Pediatric heart transplant activity and recipient survival at 
Loma Linda (Calif) University by calendar year. The black bars indi- 
cate the number of patients operated on; the white bars, the current 
number of survivors. 


bility and health professional reticence to reeammend heart 
transplantation seem to be the major limitations to this mode 
of therapy. These two dilemmas notwithstanding, an esti- 
mated 10% ofinfants born with congenital heart disease might 
well benefit from heart transplantation.” In addition, a large 
number of infants and children with severe acquired or con- 
genital cardiomyopathic diseases could be treated appropri- 
ately in this manner. Pediatric heart transplantation activity 
by calendar year at Loma Linda University is illustrated in 
Fig 1. Twenty-three (85%) of 27 infants and children regis- 
tered with the United Network for Organ Sharing by the 
Loma Linda University Pediatric Heart Transplant program 
during 1988 underwent transplantation. This figure has in- 
creased gradually from approximately 50% during previous 
years. Most of the neonates (n= 26) and very young infants in 
group A presented with a diagnosis of hypoplastic left heart 
syndrome (HLHS). Structural anomalies other than HLHS 
have included type IJ truncus arteriosus with servere left 
ventricular outflow obstruction (1 patient), severe Ebstein’s 
anomaly (1 patient), and single-ventricle with severe subaor- 
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Table 3.—Heart Disease Acceptable 
for Consideration for Orthotopic Transplantation 
During Early Infancy 










Hypeplastic left heart syndrome (hypoplastic aortic tract complex) 
Symptomatic severe Ebstein's anomaly with normal pulmonary 
arteries 
Multiple obstructive rabdomyomas 
Pulmonary atresia or intact ventricular septum (large sinusoids*) 
Hypoplastic left heart syndrome equivalentt 
p-TGA with hypoplastic right ventricle and aortic tract 
Single ventricle with hypoplastic aortic tract 
.-TGA with single ventricle and heart block 
Severe congenital or acquired cardiomyopathy 
Atrioventricular canal with hypoplastic left ventricle and mitral 
component (frequently associated with coarctation) 
Single ventricle with subaortic obstruction (bulboventricular foramen) 
Severe intrauterine atrioventricular valve insufficiency and ventricular 
dysfunction (see second listing for _-transposition) 
Straddling atrioventricular and tensor apparatus 

















*Diminutive malformations on the right side of the heart must have normal 
sized right and left pulmonary arteries. Neonates unresponsive to prostaglandin 
E1 may have systemic-pulmonary shunts while awaiting a donor. 

TTGA indicates transposition of great arteries; o, dextro-; and L, levo-. 


tic obstruction and coarctation (2 patients). In addition, 1 of 
the neonates with HLHS had ventricular dextroversion with 
atrial situs solitus. Each of these “unusual” recipients sur- 
vived the operation and is being followed up on an outpatient 
basis. Two group B patients had had four previous cardiovas- 
cular operations each for complex structural heart disease 
before undergoing transplantation. One of these group B 
patients, with visceral heterotaxia, also had ventricular dex- 
troversion. Currently, both patients are doing well. A sum- 
mary of malformations eonsidered acceptable as indications 
for heart transplantation in early infancy is in Table 3. 

Nearly half of the donor organs in this series were distantly 
procured. Graft cold ischemic time exceeded 6 hours on sever- 
al oceasions, extending to 6 hours 50 minutes on two occa- 
sions. One heart graft subjected to 8 hours 17 minutes of cold 
ischemia recovered and continued to function well. Graft 
recovery was excellent in all but one instance (patient 6, Table 
1). Most donors during 1988 were multiorgan, including the 
liver in most instances and the kidneys on occasion. Trauma, 
sudden infant death, and birth asphyxia were the causes of 
death among the majority of donors. 

Perioperative hospitalization was relatively short, averag- 
ing 24 days for group A and 33 days for group B. Postopera- 
tive outpatient surveillance was generally uncomplicated, 
and readmission to the hospital was infrequent. 

While many families did not originate from the southern 
Califernia area, temporary relocation for appropriate peri- 
operative surveillance did not prove to be insurmountable, 
even for families of limited financial means. Relocation ex- 
tended to at least 6 months and possibly beyond. No infant 
required temporary relocation to this area for more than 12 
months after receiving a transplant. 

Residual or recurrent coarctation following transplanta- 
tion for HLHS was a troublesome late finding among group A 
infants treated early in this series. Aortic arch reconstruction 
was done by beveling the distal segment of donor aorta. Even 
though repair was taken well below the ductus arteriosus, 
coarctation developed in three infants opposite the distal 
repair. Donor aorta is ne longer beveled, but rather simply 
incised (Fig 2), producing a much larger aortic circumference 
opposite the distal intrinsic arch. The only recent experience 
with late coarctation was in an infant with HLHS, in whom 
aortic coarctation was not thought to be present at surgery. 
Reconstruction was terminated at the ductus. This infant 
required coarctectomy 3 months after transplantation. The 
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Fig 2.—Artist's view of donor heart preparation for transplantation into 
a recipient suffering from hypoplastic left heart syndrome. The distal 
aortic segment is incised rather than beveled. The pulmonary arterial 
cuff is left lange. 


natural history of the distal aortic arch in HLHS is entirely 
unpredictable, and the distal areh should always be opened 
widely and reconstructed. A durable late result may be ex- 
pected if this approach is followed. 

Several features of this series ef patients deserve mention. 
First, group A and, to some degree, group B patients have 
been followed up successfully by using the noninvasive modal- 
ities of chest roentgenography, simple M-mode echocardio- 
graphy, electrocardiography, clinical examination, determi- 
nation of miniaturized whole-blood cyclosporine levels, and 
the screening immunologic assay of spontaneous blastogene- 
sis. An infant or child who has received a transplant ought to 
be well. Even subtle clinical changes such as fussiness, poor 
appetite, or a slight increase in resting heart rate or respira- 
tory rate should be taken seriously. Myocardial biopsy was 
not used during the first 6 months after transplantation for 
group A patients but was employed rarely for group A pa- 
tients beyond 6 months after transplantation. Biopsy was a 
part of the routine invasive follow-up studies accomplished 
during the second posttransplant year. To date, we have no 


biopsy results that clearly indicate rejection in the routine 
follow-up of group A patients. Most group B patients have 
undergone selective myocardial biopsies as outpatients, 
which have been part of their routine first posttransplant year 
surveillance. 

Second, there were no late deaths among group A patients 
and only one late death among group B patients. In addition, 
there was virtually no transplant-related late morbidity in 
either group. This unique situation derives from the clear 
“Immunologic privilege” inherent in recipients at the begin- 
ning of life. Neonatal immune response to a transplanted graft 
is far less profound than that of older infants, children, and 
adults. In addition, identifiable graft rejection is readily re- 
versed by short-course steroid therapy in this age group. 
None of the newborn recipients in group A required or re- 
ceived antithymocyte globulin or OKT3 monoclonal antibody. 

Finally, immunosuppression was successfully weaned to 
single-agent therapy (cyclosporine therapy at whole-blood 
levels of 2 to 300 ng/dL) in all group A patients beyond 12 
months after transplantation. Group B patients continued to 
receive cyclosporine and 1 to 2 mg/kg of azathioprine indefi- 
nitely. No survivor in either group has received long-term 
steroid therapy for immunosuppression. 

The 37 surviving infants and children in this series are 
thriving, happy, and healthy. The single exception is a 4- 
month-old girl with significant, but improving neurologic se- 
quelae presumed to be due to operative or perioperative 
cerebral injury. We therefore have concluded that orthotopic 
heart transplantation is a highly effective and efficient form of 
therapy for the treatment of incurable cardiac structural and 
myopathic disease in early life. Given results that now equal 
or better most adult series of heart transplants, viewing this 
form of therapy as “experimental” is no longer justified. 


_ Other members of the Loma Linda Pediatric Cardiac Transplant Group, a 
division of Loma Linda International Heart Institute, include the following: 
Martin Allard, MD, Richard Applegate, MD, Stanley Brauer, MD, Robert 
Martin MD, and Carol Lau, MD (Anesthesiology); Sandra Nehlsen-Cannarella, 
PhD (Immunology); Mark Boucek, MD, Mohammad Kanakriyeh, MD, and 
Eugene Petry, MD (Pediatric Cardiology); Assaad Assaad, MD, Janet Emery, 
MD, Elba Fayard, MD, Andrew Hopper, MD, Joyce Peabody, MD, and Diana 
Trupp, MD (Neonatology); Stephen Ashwal, MD, Sanford Schneider, MD, and 
Lawrence Tomasi, MD (Pediatric Neurology); Jane Marxmiller, MD (Pediatric 
Infectious Disease); Marti Baum, MD, Drew Cutler, MD, Franklin Trimm, MD 
(Pediatrics); Susan Clark, MD, and John Mace, MD, (Pediatric Endocrinology); 
Bruce Grill, MD and Marquelle Klooster, MD (Pediatric Gastroenterology); 
David Moorehead, MD (Pediatric Urology); Jack White, MD (Pediatric Sur- 
gery); Gary Huffaker, MD (Pediatrie Ophthalmology); James Shook, MD (Or- 
thopedics); Naney Wilms, MD (Dermatology); Larry Cousins, MD, and Elmar 
Sakala, MD (Obstetrics); Sherianne Okawa, LCSW (Social Work); William 
Hinton, Sr (Chaplain); Becky Eldenburg, RN, Joyce Johnson, RN, Cheri 
Mathis, RN (Transplant Coordinators). 

The Loma Linda Pediatric Cardiac Transplant Group wishes to acknowledge 
the efforts of the Nursing and Respiratory Care Staff ofthe Neonatal Intensive 
Care Unit and the Cardiothoracic Intensive Care Unit. Diana Albertson also 
provided us with organizational skills at the Institute. 
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Discussion 


GEORGE I. THOMAS, MD Seattle, Wash: How do you preserve 
those hearts that come from long distances over several hours? What 
are your preservation techniques? 

VAUGHN STARNES, MD, Stanford, Calif: At Stanford, we have 
transplanted hearts into 20 children younger than 12 years of age 
(range, 3 months to 12 years), with 10 infants and children less than 5 
years of age. Our 1- and 5-year survival rates are 81% and 73%, 
respectively, and support Dr Bailey’s conclusion that transplantation 
in infants and children should not be considered experimental. 

How many of the neonates and infants have had rejection episodes? 
Dr Bailey alludes to the “immunologic privilege” of the neonate. I 
note in his listing of the patients undergoing transplantation in group 
A, 13 children are older than 2 months of age. Was there a difference 
in the rejection rate among the children 0 to 2 months of age and those 
older than 2 months ef age? 

Although we have not done any transplantations in neonates to 
date, our experience with infants 3 months and older would suggest a 
competent immune system with equal propensity for rejection as 
compared with older children and adults. We have continued to do 
biopsies even in infants because of the difficulty in separating a 
virallike illness with fever and fussiness from allograft rejection. The 
effects of undetected rejection on later graft atherosclerosis and graft 
function are unknown. However, there are many centers reporting a 
high incidence of graft atherosclerosis in infants and children as early 
as 1 year. At Stanford, our incidence of graft atherosclerosis in 
infants and children is low. Although speculative, smoldering cardiac 
rejection without clinical signs may be a precursor to graft atheroscle- 
rosis. In the era of cyclosporine therapy, graft function is a poor 
predictor of early rejection. 

The authors propose nine additional groups of infants for orthotopic 
cardiac transplantation. The common denominator between the 
groups is single-ventricle physiology. As an individual involved in 
both reparative congenital heart surgery and transplantation, the 
issue of palliation of the newborn with later correction vs transplanta- 
tion in infants remains a difficult problem. The effects of long-term 
immunosuppression serve only to complicate this decision. In making 
a recommendation to a family, the surgeon is faced with a dilemma of 
improved short-term outcome vs the uncertainties of long-term im- 
munosuppression. A= Stanford, we have been using palliative thera- 
py in most infants with single-ventricle physiology. In particular, 
parents of infants with HLHS are given a choice of transplantation or 
the first-stage Norwood procedure. Recently, an infant with the 
HLHS was listed for transplantation; however, due to ductal insuffi- 
ciency, the neonate became unstable, and a successful Norwood 
procedure was carried out. I believe that the majority of pediatric 
centers will develop a selective approach, depending on their surgical 
results. 

EDWARD VERRIER, MD, San Franciseo, Calif: The most important 


aspeets of heart transplantation in children are going to be the long- 
term results and the concept of a different immunologic response in 
the mewborn infant. 

Woeuld you elaborate on the aspect of special immune tolerance in 
infants, particularly since you use a different protocol for your immu- 
nosuopression in these children? If an infant is just receiving cyclo- 
sporme, will you then add azathioprine therapy later, and what is the 
rationale behind the two different regimens that you have? 

EEIC W. FONKALSRUD, MD, Los Angeles, Calif: In extending 
your indications for operation, there has been some discussion about 
transplantation for primary hypertension in young neonates. What is 
the role of transplantation in this setting? Is there a place for heart- 
lung transplantation in infants as well as for older patients? In some 
infants with primary pulmonary disease, the heart is not badly dis- 
turbed, but there has been little success with lung transplantation in 
infants.and children. 

DF BAILEY: Donor heart preservation is by single-dose, cold crys- 
talloxl cardioplegia and cold saline bath. The donor infant and the 
saline bath are laced with supplemental dextrose. 

There is less rejection in the neonate vs the older infant. A handful 
of neonates who underwent transplantation in the newborn period 
never had a rejection and that has not been true for neonates who are 
older than 1 month old when they undergo transplantation. 

From laboratory experience, there is a clear immunologic privilege 
for transplanting in newborns. If you put unselected allograft hearts 
in the orthotopic position in newborn goats and do nothing, they will 
live an average nearly 2 months, which is much better than anything 
experienced in transplantation at any other age. Our experience 
clinically has shown that newborns may be the best possible recipi- 
ents. If you give those newborn goats cyclosporine therapy alone, 
they have incredibly good survival. Without the identification and 
treatment of rejection, some of those animals will be alive 2 and 3 
years later. There is immunologic privilege in the newborn, and 
clear'y there is a difference in the rate of rejection. 

Whether to palliate or to transplant involves very serious uncer- 
tainties in both arenas, and I have to confess a bias toward transplan- 
tation. All the possibilities are considered in neonates that originate 
in our area. Others are just sent in for transplantation. They have 
already been evaluated, and transplantation was the treatment of 
choice. 

Wéh regard to neonatal immunology, almost everything about the 
newborn has to do with suppression. Immunocyte subsets favor 
suppression. Clearly, this pattern does not persist much beyond the 
first 30days of life. 

There is going to be a place for heart-lung transplantation. We are 
going to be performing these transplantations in neonates. We will 
undoubtedly be doing single-lung transplants and double-lung trans- 
plants in infants who have normal hearts and poor lung physiology. 


SURGICAL ANATOMICAL TRIVIA 


A Littre hernia is an inguinal hernia in which the indirect hernial sac contains a Meckel’s diverticulum. 
Littre described the hernia 100 years (1700 and 1714) before Meckel described the tic (1809). 


CLAUDE H. ORGAN, Jr, MD 
Editor 
Archives of Surgery 


1. Litre A. Observation sur une nouvelle espèce de hernie. Mèm Acad R Sc (Paris). 1700:300. 
2. Littre A. Une hernie rare. Mèm Acad R Sc (Paris). 1714:200, 
3. Meckel JF. Ueber die Divertikel am Darmkanal. Arch Physiol Riel (Autenrieth). 1809;9:421. 


Donor heart preservation is by single-dose, cold crystalloid cardioplegia and cold saline bath. The donor 
infant and the saline bath are laced with supplemental dextrose. 
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Prognostic Significance of Pregnancy 


in Stage I Melanoma 


Jan H. Wong, MD; Ernest E. Sterns, MD; Kelly H. Kopald, MD; J. Anne Nizze, PAC; Donald L. Morton, MD 


è The clinical course of 66 patients with stage | melanoma, 
diagnosed curing pregnancy, treated in the Division of Surgical 
Oncology at UCLA, was retrospectively reviewed. These patients 
were compared with 619 nonpregnant female patients with mela- 
noma. There was no significant difference between the pregnant 
population and control population with respect to location of the 
primary tumor, age at diagnosis, Clark’s level, mean depth of 
invasion (pregnant females, 1.24 mm vs control, 1.28 mm), and 
histologic type. The 5-year survival for the women diagnosed 
with melanoma curing pregnancy and for the entire population 
was 86% and 87%, respectively. These results demonstrate that 
women diagnosed with melanoma during pregnancy fare no 
worse than their nonpregnant counterparts. Criteria other than 
the theoretical effect of pregnancy on the tumor should be used 
to counsel patients diagnosed with melanoma during pregnancy. 

(Arch Surg. 1289;124:1227-1231) 


A number of factors are recognized as influencing the sur- 
vival of patients with stage I melanoma, including the 
anatomic location of the melanoma and histopathologic mea- 
surements of the primary lesion such as thickness, level of 
invasion, and growth pattern. '™* Women are generally consid- 
ered to have a slight survival advantage over their male 
counterparts. However, the impression is widely held that 
melanoma arising during pregnancy is associated with a par- 
ticularly aggressive clinical course and an extremely grave 
prognosis. ** Despite the individual observer impression of the 
extreme lethality of melanoma diagnosed during pregnancy, 
support for this impression is largely derived from a few case 
reports, clinical studies, or both in which the number of 
patients included are few. More recent studies, however, 
have suggested that when controlled for known prognostic 
variables such as stage of disease and primary site, survival of 
pregnant patients with melanoma may be no different than 
that of their nonpregnant counterparts’ and that the apparent 
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poorer prognosis was a result of higher-risk lesions er presen- 
tation at a more advanced stage.”* 

Melanoma, although a relatively uncommon neoplasm, fre- 
quently affects the female population during the reproductive 
years. It has been estimated that 30% to 35% of wemen with 
melanoma are of child-bearing age, and the incidence of mela- 
noma diagnosed during pregnancy is approximately 6%.° The 
surgical treatment of patients with melanoma remains some- 
what controversial. In pregnant patients diagnosed with mel- 
anoma, recommendations for treatment become even more 
difficult. Pack and Scharnagel’ recommended aggressive ex- 
cision with the immediate application of a skin graft and 
dissection in continuity of regional lymph nodes for patients 
with melanoma diagnosed during pregnancy. Others” have 
implicated a role for therapeutic abortion after observing the 
regression of melanoma following delivery. However, if the 
prognosis of the patient whose melanoma arose during preg- 
nancy is so poor, attempts at surgical control might be use- 
less, and a modification of the surgical approach might be 
indicated. 

To better define the potential influence of pregnancy on 
outcome in patients with melanoma, we retrospectively re- 
viewed our experience in the treatment of women pregnant at 
the time their melanoma was diagnosed and compared them 
with a matched control population of women. Additionally, 
because it had been suggested that women whose melanoma 
arose during pregnancy had higher-risk lesions than the usual 
nonpregnant female patient with melanoma, we analyzed our 
entire female population of child-bearing age in comparison 
with women pregnant at the time their melanoma was diag- 
nosed. 


PATIENTS AND METHODS 


Between 1971 and 1986, a total of 4066 patients with malignant 
melanoma were seen in the John Wayne Cancer Clinic at UCLA. 
There were 1851 (46%) women and 2251 men. Forty-eight percent 
(887) of the women were considered to be of child-bearing age (E5 to 40 
years), and 77 (8.7%) of these 887 patients were pregnant at the time 
of diagnosis. Sixty-six of the 77 pregnant women had stage I disease, 
and 11 women had stage II tumors. There were 619 nonpregnant 
women aged 15 to 40 years with stage I melanoma. This latter group 
composes the control group for this study. The women in the preg- 
nant group ranged in age from 17 to 39 years (mean, 28 years), which 
was similar to the 619 nonpregnant patients (range, 15 te 40 years; 
mean, 31 years). From this group of 619 nonpregnant women, a 
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Table 1.—Location of Primary Melanoma 


No. (%) 


Matched Control 
7 (11) 


Control 
46 (7) 


Site Pregnant 
Head and neck 7 (11) 
Lower extremity 22 (33) 22 (33) 218 (35) 
Upper extremity 10 (15) 27 (41) 136 (22) 


Trunk 27 (41) 10 (15) 196 (32) 


Unknown 0 (0) 0 (0) 23 (4) 


Table 2.—Pathology of Primary Melanoma 


No. (%) 


Ne EEE 


Subtype Pregnant Matched Control Control 
Superficial spreading 46 (70) 46 (82) 381 (62) 
Unknown 10 (15) 10 (15) 137 (22) 











Table 3. — Distribution of Primary Melanoma by 
Clark’s Level of Invasion 


No. (%) 


Clark’s Level 
land Il 


Matched Control 
24 (36) 
21 (32) 
IV and V 16 (24) 16 (24) 
Unknown 6 (9) 5 (9) 


Control 
182 (29) 
222 (36) 
141 (23) 
74 (12) 


Pregnant 
23 (35) 
ill 21 (32) 





matched control greup was identified (age range, 22 to 40 years; 
mean, 29 years) in a computer-aided search of our melanoma database 
that was identical for the known prognestic variables of tumor inva- 
siveness, anatomic distribution of the primary lesions, and histopath- 
ologic features of the pregnant study population. 

Our standard approach to the surgical management of melanoma 
has previously been described." The primary site is widely excised, 
with histologic confirmation of the eradication of local disease, and 
immediate lymphadenectomy is recommended for lesions with 
Clark’s level III invasion or greater and a Breslow’s depth of invasion 
greater than 0.65 mm. All primary lesions were reviewed by a 
pathologist at UCLA and were initially microstaged by the method of 
Clark and more recently by both Clark’s level and Breslow’s depth of 
invasion. All lesions were widely excised. Thirty-one (47%) of the 
pregnant patients and 30 (45%) of the matched control patients had 
immediate lymphadenectomy. 

The method of Kaplan and Meier” was utilized to calculate survival 
curves. Significant differences between survival curves were deter- 
mined by a generalized Savage test (Mantel-Cox). x’ Analysis was 
used where appropriate. 


RESULTS 
Presenting Symptoms 


The most frequent presenting complaint was the change in 
a preexisting pigment lesion during pregnancy. Most common 
was an increase in the size of a preexisting mole (88%), a 
change in color (44%), or both. Itching (18%) and bleeding 
(11%) were common. The diagnosis was suspected by the 
obstetrician witheut awareness by the patient in only three 
instances. 
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Anatomic Location of the Primary Lesion 


The location of the primary lesion is listed in Table 1. The 
most frequent location of the primary lesion for both the 
pregnant and nonpregnant women was on the extremities. 
The difference in the location between the pregnant group 
and the 619 nonmatched, nonpregnant patients was not sta- 
tistically significant. 


Pathologic Findings 


The growth pattern of the primary lesions has been shown 
to be associated with outcome.” The tumor type for the 
pregnant group was not determined in 10 patients (15%). Of 
the remaining 56 tumors, 1 was a lentigo maligna (1%), 9 were 
nodular (14%), and 46 (70%) had superficial spreading. The 
incidence of these histologic subtypes of melanoma in the 
nonpregnant control group was not statistically different (Ta- 
ble 2)(P = .397). 

The mean Breslow depth of invasion for the pregnant group 
was 1 24mm. The mean depth of invasion for the 619 nonpreg- 
nant Datients aged 15 to 40 years was 1.28 mm, and for the 
matched control group, the mean depth was 1.06 mm. The 
distribution based on the Clark’s level of invasion is summa- 
rized in Table 3. Although 55% of the pregnant women with 
melanoma had high-risk lesions (Clark’s level III to IV), this 
was a most identical to the control population, in which 57% of 
women had identical lesions, and was exactly the same as the 
matched control group. There was no significant difference 
between the Clark’s level of invasion of the pregnant popula- 
tion and the nonpregnant control group (P = .719). 


Survival 


The overall 3-year survival was 95% for the pregnant popu- 
lation with stage I melanoma and 93% for the nonpregnant 
controls, and at 5 years, the survival was 86% and 87%, 
respectively (Figure), and 92% for the matched controls. 
There was no statistically significant survival difference be- 
tween the pregnant population and the matched controls or 
the entire nonpregnant population. Of the 66 pregnant pa- 
tients, 17 (26%) experienced recurrent disease after a mean 
disease-free interval of 37.7 months (range, 8 to 96 months). 
Twelve (18%) of the matched control group with a disease- 
free interval of 27.3 months (range, 5 to 96 months) have had a 
recurrence of disease. 


COMMENT 


A number of clinical and laboratory observations would 
lend support to an effect of pregnancy on melanin-producing 
cells. These include inereased pigmentation associated with 
pregnancy, increases in levels of melanocyte-stimulating hor- 
mone.“ and the identification of steroid receptors on some 
melanomas.” It would not be unreasonable, therefore, to 
anticipate that the marked hormonal and physiologic changes 
assoc ated with pregnancy could influence the course of mela- 
noma. leading to a particularly aggressive disease with an 
extremely grave prognosis. In this investigation, two ana- 
lyses were performed to determine the impact of pregnancy 
on survival. The first analysis compared the pregnant popula- 
tion with a statistically matched control, and the second anal- 
ysis compared these same patients with the entire nonpreg- 
nant population. Our results demonstrate that women whose 
melanoma arises during pregnancy are no different than non- 
pregnant women with respect to a number of variables recog- 
nized as being prognostic in melanoma and that they have a 
prognosis no worse than that for nonpregnant women in , 
whom melanoma is the diagnosis. 

Pessimism concerning the potential adverse effect of preg- 
nancy on the clinical course of melanoma dates from the report 
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Survival of 66 women with melanoma diagnosed during pregnancy 
and 619 nonpregnant females between the ages of 15 and 40 years. 
The overall 5-year survival for the pregnant patients (dotted line) and 
the nonpregnant control group (solid line) was 86% and 87%, 
respectively. 


of Pack and Scharnagel.’ Subsequently, a number of case 
reports describing the explosive behavior of melanoma dur- 
ing pregnancy’ coupled with speculation concerning the 
hormonal influences of pregnancy on melanoma have led some 
observers to recommend an aggressive approach toward the 
management of both the tumor and the pregnancy. Therapeu- 
tic abortion has been advised and future pregnancies have 
been discouraged. Since many of these patients are anxious to 
have families, the impact of both the cancer and these recom- 
mendations is significant. 

A number of variables have been shown to be prognostic in 
melanoma. Failure to account for these prognostic factors 
could lead to inaccurate observations. George and coworkers" 
stratified patients by stage at presentation and found that the 
5- and 10-year survival rates for pregnant and nonpregnant 
patients were similar. A higher incidence of trunk vs limb 
lesions’ and more deeply invasive lesions’ has been reported 
in the pregnant patients, both factors associated with poorer 
prognosis. Houghton et al’ attributed the significantly worse 
survival of pregnant patients when compared with nonpreg- 
nant controls to these factors. These findings were in keeping 
with those of Shiu et al,” who suggested the discrepancy in 
survival was attributed to the later stage of disease and 
lesions of poorer prognosis (Table 4). 

Reintgen et al’ more recently described 58 pregrant pa- 
tients with stage I disease at the time melanoma was diag- 
nosed and compared these patients with a selected control 
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population of nonpregnant female patients between the ages 
of 15 and 44 years. Although Reintgen et al suggested that the 
disease-free interval was shorter in women whose melanomas 
arose during pregnancy, the overall actuarial survival was no 
different. 

In contrast to these reports, we compared women whose 
melanoma arose during pregnancy not only with a matched 
control population but also with our entire female population 
between the ages of 15 and 45 years. Our results demonstrate 
that the pregnant patient with melanoma is no different than 
the nonpregnant female patient with melanoma. There is no 
signiñcant difference between the anatomic location of the 
primary lesions, the Breslow depth of invasion and Clark’s 
level of invasion, and the histologic subtype of pregnant wom- 
en with melanoma and our overall female population. We have 
found that the percentage of pregnant women presenting 
with a more advanced stage of disease (14%) is substantially 
less than their nonpregnant counterparts (80%). 

It has been presumed that the hormonal changes of preg- 
nancy accelerate melanocyte growth. Changes in nevi during 
pregnancy have been cited as evidence of an abnormal effect 
on melanocytes. However, these hormonal changes have not 
been proved to be carcinogenic. Sanchez et al” reported that 
more than 10% of women experience changes in nevi in the 
first trimester of pregnancy, but biopsy specimens from these 
lesions failed to show histopathologic changes dissimilar to 
those in nonpregnant women. A similar study by Fouchar et 
al” reached the same conclusion. Several authors™” have 
suggested an association with the development of melanoma 
and the use of oral contraceptives, suggesting the role of 
hormones in modulating the course of disease. Since hormonal 
changes occur with all pregnancies, it would be anticipated 
that the incidence of melanoma would be higher in women who 
have borne children. In fact, the incidence is similar to that in 
the general population when compared with age-matched 
patients.” 

Animal studies have failed to give insight into the effects 
the hormonal status of an individual might have on the clinical 
course of melanoma. Graded doses of estrogen have been 
reported to increase the growth of B16 melanoma in the 
mouse,” and the development of metastatic tumors were less 
frequent in oophorectomized hamsters than in noncastrated 
hamsters.” However, tumor implanted on rodents that were 
allowed to become pregnant fared no worse than tumor in 
nonpregnant animals.” 

The treatment of women with melanoma arising during 
pregnancy remains an emotional issue. Despite the absence of 
information concerning a detrimental effect of the physiologic 
status of pregnancy, limited observations suggest this clinical 
setting to be extremely grave. Our results establish that 
women whose melanoma arises during pregnancy are similar 
to their nonpregnant cohorts in those characteristics recog- 
nized as being prognostic in melanoma, and their overall 
survival is identical. We recommend that patients be treated 
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in a manner similar to nonpregnant patients, using anesthetic 
techniques that minimize the risk to the fetus. Advice about 
future pregnancies should be based on considerations other 
than the theoretical effects of pregnancy on the tumor. 


This study was supported in part by grants CA 9010, CA 29605, and CA 12582 
from the National Institutes of Health, Bethesda, Md. Dr Wong is recipient of 
the Career Development Award, American Cancer Society. 
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Discussion 


JAMES GOODNIGHT, JR, MD, Sacramento, Calif: Until the last few 
years, the effect of pregnancy on malignant melanoma has been 
thought to be strongly negative. This article strongly confirms the 
findings of Shiu et alf (and later Reintgen et al’) that pregnant 
patients with stage I melanoma have the same prognosis as nonpreg- 
nant patients and sheuld be treated similarly. 

I want to ask a few questions. There is a similar distribution of 
melanoma growth patterns and Clark's levels of invasion between the 
pregnant and nonpregnant patients. The mean Breslow level is also 
the same in each group. Did you determine the median level of 
invasion in millimeters in the two groups? 

The 5-year survival in the two groups is essentially identical, but 
did you determine a statistical probability that this finding is true? 
Could there be a type B statistical error? 

Would you comment on the disease-free interval in pregnant pa- 
tients with stage I melanoma? 

What is your sense of the pregnosis of your pregnant patients with 
stage I melanoma as well as for those patients who become pregnant 
subsequent to treatment for stage I or II melanoma” 

Finally, all the patients in your series with invasive melanomas 
deeper than 0.65 mm underwent a wide excision plus a prophylactic 
regional lymph node dissection. On the basis of your current data and 
information on wide excision not affecting local recurrence on surviv- 
al published by Veronesi last year, do you plan to alter your treatment 
plan for these patients in the future? 

THEODORE X. O’CONNELL, MD, Los Angeles, Calif: Patients who 
have had melanoma and are of child-bearing age often ask if they 
should get pregnant after treatment of their melanoma and what the 
effect of the pregnancy would be on the melanoma. 

What would the authors recommend as far as subsequent pregnan- 
cies; would this recommendation be based on stage of the disease, the 
Breslow level, the length of time from the treatment of the primary 
tumor, or other criteria’ 

LAWRENCE DANTO, MD, Davis, Calif: Have you looked at DNA 
analysis by flow cytometry or other means to establish the pattern of 
aggressiveness of melanoma? If so, does it correlate with pathologic 
staging and does it correlate with the body site? 

JOHN K. MACFARLANE, MD, Vancouver, BC: Do pregnant women 
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possibly have a better overall prognosis if you take all stages? Eighty- 
four percent of the pregnant patients presented with stage I melano- 
ma, and 69% of the nonpregnant patients presented with stage I 
melanoma. Does pregnancy produce an effect on earlier diagnosis in 
melanoma? 

H. CLARK HOFFMAN, MD, Seattle, Wash: Does wide excision 
mean the same in the lesion with penetration perhaps up to 1.5 mmas 
compared with 1.5 mm and above? 

What was the incidence of micrometastases in the patients who had 
lesions0.65 to 1.5 mm and for those 1.5 mm and above? 

WILLIAM S. FLETCHER, MD, Portland, Ore: Is there any informa- 
tion about subsequent pregnancies in these patients? Has melanin- 
stimulating hormone in pregnant patients with melanoma been 
studied? 

De MORTON: Melanoma is the most rapidly increasing malignant 
neoplasm in the United States. This rapid increase is primarily due to 
burning the skin in the sun. It is the sunburn, rather than the low- 
level exposure, that seems to be the cause. 

Dr Ernest Sterns, Professor of Surgery at the Queens University 
in Kingston, Ontario, started this project. I was surprised by the 
results, but the data speak for themselves. We believe this is the 
largest series in the world, and these data are among the best 
information we have on this subject. Our statisticians looked at the 
datainevery way, and the differences are not statistically significant. 
The SE is only a few percentage points. 

We did not analyze patients with stage II melanoma because we 
had only 11 patients at this stage. Of those 11 patients with stage II 
disease, 4 are alive, which is about the same as our nonpregnant, 
stage II population, overall. 

Why do we do lymph node dissections with such thin lesions? 

In our experience, the incidence of lymph node metastases is 
essentially the same, between 0.65 and 1.1 mm. These are not only 
metastases visible by routine hematoxylin-eosin staining, but also 
metastases visible by special monoclonal antibody immunohistoche- 
mical staining to the $100 antigen. There is a twofold increase in the 
incidence of lymph node metastases using immunohistochemical tech- 
niques that allow you to pick up single cells and clumps of cells in the 
peripheral sinus. The overall incidence of micrometastases, using 
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these criteria, & 20%. Nine percent will be visible by hematoxylin- 
eosin staining and 11% by special immunohistochemical staining. The 
incidence of metastases increases with the increasing thickness of the 
primary melanema. Therefore, in melanomas of 0.65 to 1 mm, level 
III, the incidence is about 14%. If one goes up to thick, level IV 
lesions, the incidence is about 33%. 

I have become very skeptical of most data in the literature on the 
treatment of this disease because melanoma is truly a chronic disease. 
The longest time I have seen between treatment of the primary 
tumor and the appearance of a regional lymph node metastasis is 42 
years, and I have regularly seen patients come back after 15, 20, and 
25 years with metastasis in the regional lymph nodes. Unfortunately, 
when they present that long after surgery, they usually also have 
distant metastases. People in their 30s and 40s with melanoma have a 
long life ahead; therefore, I am interested in the treatment that will 
give them a durable remission if they get through an initial period of 
nonrecurrence. We have a low threshold for lymphadenectomy, and 
our long-term results justify this approach. 

A newer proeedure involves intraoperative lymphatic mapping by 
injecting isosulfan blue dye into the site of the primary lesion and 
following the lymphatics to select the very lymph node draining that 
particular area of the skin. Those lymph nodes are removed, and a 
frozen section for immunohistochemical staining is obtained. If the 
nodes are normal, we do a selective lymphadenectomy. If they are 
abnormal, we proceed with a complete lymphadenectomy. The proce- 


dure allows us to select 80% of the patients who actually have micro- 
metastases in the regional nodes and, therefore, will beneft from 
regional lymphadenectomy, while avoiding lymphadenectcmy in 
those patients who don’t need it. 

I do not know how close you can get to a melanoma without 
developing a recurrence. In my own practice, I excise a 3-cm radius on 
the extremity and 5 cm on the trunk and close the area with flaps 
without skin grafting. Our incidence of local recurrence using this 
policy is approximately 1%. 

How wide is wide? Our current policy is to use the number of 
centimeters for Clark’s level thickness of the lesion. If it is level II, it 
is 2 cm; level III, 3 cm; level IV, 4 cm; and in all level V tumors, I still 
use 5 cm. The incidence of local recurrence is directly proportsonal to 
the depth of the primary lesions; thicker lesions have a higher inci- 
dence of local recurrence. 

There has been surprisingly very little done on DNA anaysis in 
melanomas. One study suggests that it correlates with the aggres- 
siveness of the primary lesion. We have found that those melanomas 
that have certain antigens, for example the GM2 marker, are associ- 
ated with the more malignant phenotype. 

What about subsequent pregnancies? Our approach is to ask the 
patient not to get pregnant for 3 to 5 years. This is because abcut 20% 
of the patients will experience a recurrence in that early period, and 
these patients usually die. After that initial high-risk period, we tell 
patients to go ahead with their family planning. 


In Other AMA Journals 


Gastrointestinal Autonomic Nerve Tumors: ‘Plexosarcomas’ 
Guillermo A. Herrera, MD; Lizardo Cerezo, MD; Jeffrey E. Jones, MD; Jonathan Sack, MD: 
William E. Grizzle, MD, PhD; W. James Pollack, MD; Robert L. Lott, HT(ASCP) 


Four plexosarcomas (gastrointestinal autonomic nerve tumors) characterized by light microseopic, 
immunocytochemical, and ultrastructural examination, including immunoelectron microscopy in one case, 
are described. The four neoplasms occurred in the small intestine (duodenum, two; jejunum, one; and ileum, 
one) and they had an aggressive course with either local or distant metastases. The light-microscopic 
patterns varied from epithelioid and organoid to spindle cells, mimicking endocrine and sarcomatous 
neoplasms. Ultrastructurally, these tumors exhibited interdigitating cytoplasmic processes that contained 
seattered aggregates of membrane-bound granules varying in size from 100 to 300 nm intermixed with empty 


vesicles and numerous diffusely distributed intermediate filaments, Basal lamina covering cell surfaces, 
attachment plaques, and myofilaments, as expected in smooth-muscle tumors, were not identified, and 
ciffusely distributed membrane-bound granules, as seen in paragangliomas and carcinoid tumors, were also 
absent. By immunocytochemistry, the tumors were intensely positive for vimentin and neuron-specific 
enolase and focally positive for neurofilaments and synaptophysin. In addition, three tumors were $100 
pretein positive and one stained for vasoactive intestinal peptide. Similar positive immunocytochemical 
reactions were identified in normal enteric plexus. It is essential to recognize plexosarcomas, which are 
invariably accompanied by aggressive clinical behavior, in spite of a seemingly benign, mitotically inactive 
light-microscopic appearance in most instances. Ultrastructural examination can readily separate plexosar- 
comas from paragangliomas and other sarcomatous and endocrine neoplasms (Arch Pathol Lab Med. 


1989;113:846-853). 


Reprint requests to Renal Pathology and Electron Microscopy, Palm Beach Pathology, 2013 Ponce de Leon Ave, West Palm 


Beach, FL 33407 (Dr Herrera). 


Arch Surg—Vol 124, October 1989 





Pregnancy and Melanoma—Wongetal 1231 


Saphenous Vein Bypass 


An Aggressive Strategy for Foot Salvage 


Hobart W. Harris, MD, MPH; Joseph H. Rapp, MD; Linda M. Reilly, MD; 
Peggy A. Orlando, RN; William C. Krupski, MD: Jerry Goldstone, MD 


è Patients with forefoot ischemia and severe tibial artery dis- 
ease present a major challenge to revascularization and foot 
preservation. Encouraged by the success of saphenous vein 
bypass to the more proximal arteries of the lower leg, we ex- 
tended this technique to the pedal arteries. Between February 
1986 and September 1988, we performed 26 bypasses in 24 men 
(mean age, 66 years) with critical foot ischemia. Sixty-three per- 
cent of the patients hac diabetes mellitus, 50% had hypertension, 
and 71% were actively smoking. Angiography invariably re- 
vealed multiple tibial artery occlusions with reconstitution of the 
pedal arteries. The foot salvage rate was 83%(mean survival, 14 
months), primary patency was 83% (mean survival, 9 months), 
and survival was 86% (mean, 12 months). There were 11 wound 
complications (42%); two resulted in disruptions of the distal 
anastomosis and eventual graft failure. Bypass to the pedal 
arteries yields a high rate of foot salvage and is comparable with 
more proximal bypass procedures; however, wound complica- 
tions are common and require special technical considerations. 

(Arch Surg. 1989;1 24:1232-1236) 


atients with forefoot ischemia and severe tibial artery 

disease have presented a major challenge for revasculari- 
zation and foot preservation attempts. Although it has been 
known for several years that diabetics with this distribution 
of disease often have relative sparing of the arteries below the 
malleoli,’’ bypass to these arteries has seldomly been success- 
ful. This has led to the use of less direct procedures to revascu- 
larize the ischemic forefoot, such as profundaplasty, bypass to 
an isolated popliteal segment,*“ or primary amputation. In 
the last several years a number of reports have detailed 
excellent patency and limb salvage rates using sequential,’ in 
situ,®’ or reversed’ saphenous vein bypass to the tibial arter- 
ies. Encouraged by these results, several centers, including 
our own, have applied these techniques to prevent a major 
amputation in patients with foot ischemia and severe distal 
tibial artery disease. We detail our experience with saphe- 
nous vein bypass te the pedal arteries in patients with critical 
ischemia of the forefoot and heel. 


Accepted for publication June 22, 1989. 

From the Surgical Service, Veterans Administration Medical Center, De- 
partment of Surgery and Division of Vascular Surgery. University of Califor- 
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to Pedal Arteries 


PATIENTS AND METHODS 
Patients 


Twenty-four men, aged 58 to 82 years (mean age, 66 years), pre- 
sented with critical ischemia of the lower extremity between Febru- 
ary 1986 and September 1988. Sixty-seven percent of the patients had 
diabetes mellitus, 50% had hypertension, 58% had coronary artery 
disease, and 71% were actively smoking (mean, 82 pack-years). All 
had threatened limb loss, including the following: 11 nonhealing toe 
amputation sites, 13 ischemic ulcers/dry gangrene, and one toe with 
wet gangrene. Only 2 patients (8%) had rest pain without discrete 
ischemic lesions (Table 1). In all instances, preoperative angiography 
revealed multiple tibial artery occlusions with reconstitution by col- 
laterals of the dorsalis pedis and/or posterior tibial arteries at or 
below the malleoli (Fig 1). The lack of an intact pedal arch did not 
prevent revascularization. The 24 patients underwent 26 saphenous 
vein bypass procedures, including 22 (84%) in situ femoral-dorsalis 
pedis, 2 (8%) composite femoral-dorsalis pedis, 1 (4%) composite 
popliteal-dorsalis pedis, and 1 (4%) femoral-posterior tibial bypasses. 


Surgical Technique 


Our preference has been to originate the in situ saphenous vein 
grafts from the common femoral artery. When vein length does not 
allow this, we have used the superficial femoral artery for graft 
inflow. In cases where the superficial femoral artery was occluded or 
badly diseased, localized endarterectomy of the proximal superficial 
femora! artery was performed and the graft sewn to the endarterec- 
tomized artery in an end-te-end fashion. In 23 cases, the bypass was 
performed using a single vein, but in 3 cases segments of vein harvest- 
ed from other sites were used due to inadequate saphenous vein 
length or prior vein harvesting. 

We exposed the entire saphenous vein and used the Leather modi- 
fied Mills valvulotome introduced through side branches to cut valve 
leaflets. Control of the proximal artery was achieved with standard 
vascular clamps. Control of the dorsal pedis or posterior tibial artery 
was achieved using bulldog clamps or loops of Silastic tubing around 
the artery. The anastomoses were performed under magnification 
using ranning polypropylene suture, 5-0 for the proximal anastomo- 
sis and 7-0 for the distal anastomosis. A completion angiogram was 
obtained in each case to assess the technical adequacy of the proce- 
dure (Fig 2). 

In later cases a slightly transverse skin incision over the femoral 
artery was employed and extended for vein harvesting to minimize 
the subcutaneous flap resulting from connecting a vertical incision 
over the femoral artery to the slanting incision over the saphenous 
vein. The incision over the foot to expose the dorsalis pedis was made 
slightly medial to the artery, allowing harvest of the distal saphenous 
vein and construction of the distal anastomosis through a single 
incision. Occasionally, this was not possible and two incisions were 
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Table 1.—Patient Population* 


Ischemic 
Patientt Age,y CAD MI HTN Smoke DM Symptoms 


1 60 N N Y Y Y NHTAS 
58 Ne NN -Y Y N Rest pain/foot ulcer 


¥ Y N Y N Foot ulcer/toe 
gangrene 


N Rest pain 


Y NHTAS 
Y NHTAS 


Y NHTAS 

N Rest pain 

Y Rest pain/ulcer 

N Rest pain/ulcer 

Y NHTAS 

Y Foot ulcer 

Y NHTAS 

Y Foot ulcer/NHTAS 
N Foot ulcer 

N Rest pain/ulcer 





*CAD indicates coronary artery disease; DM, diabetes mellitus; HTN, 
hypertension; and NHTAS, nonhealing toe amputation site. 
TAIl of the patients are male. 


necessary. A separate incision over the posterior tibial artery was 
used in the only bypass to that vessel. 

Prior to occluding the arteries, heparin was given in sufficient 
amounts to mamtain an activated clotting time of twice the patient’s 
baseline. Concurrent with the administration of heparin, a continu- 
ous infusion of low-molecular-weight dextran was started. The dex- 
tran infusion consisted of an initial bolus of 100 mL followed by 25 
mL/h througheut the operation and for 72 hours after surgery. Occa- 
sionally, when spasm of the distal vein was a major problem, a 
mixture of papaverine and heparinized blood was infused to dilate the 
vein and allow easy passage of the valvulotome. Proximal greater 
saphenous vein branches, the lessor saphenous vein, or arm veins 
were harvested when additional vein length was needed. These 
harvested segments of vein were perfused and stored in a room- 
temperature mixture of heparinized blood and papaverine, and then 
placed in either a reversed or nonreversed fashion depending on the 
surgeon’s preference. 

Early in the series it was clear that wound complications would be a 
serious problem after these procedures. Attempts were made to 
minimize the amount of pressure placed on the wound edges by the 
retractors. Some retraction was unavoidable but was only used when 
absolutely necessary. Whenever the operation was proceeding in 
another area of the limb, the retractors were routinely removed. 
Managing the distal incisions has continued to be challenging, espe- 
cially in the patient with minimal subcutaneous fat. An incision closed 
under tension will necrose and likely compress the vein at zhe ankle. 
Our current technique is to rotate a proximally based flap to cover the 
vein graft while placing a skin graft over the donor area. 

Routine follow-up, at the time of discharge, 1 month, 2 months, and 
then every 4 to 5 months thereafter was conducted by Doppler duplex 
ultrasound examination, which allowed calculations of blood flow 
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Fig 1.—Preoperative angiogram demonstrating occlusion of the distal 
tibial arteries but reconstitution of the dorsalis pedis artery below the 
malleolus. 


through the vein graft to be made. When these flow calculations 
revealed a reduced blood flow or an area of increased flow velocity, 
angiograms were obtained. Percutaneous transluminal angioplasty 
was successfully performed in two patients when stenoses of the 
distal anastomosis developed. 

The calculation of primary patency, foot salvage, and survival rates 
adhered to the guidelines of the Ad Hoc Committee on Reporting 
Standards of the Society for Vascular Surgery and North American 
Chapter of the International Society for Cardiovascular Surgery.” 


RESULTS 


Foot salvage was achieved in 83% of the cases at a mean 
follow-up of 14 months (Table 2). The mean primary patency 
rate for the 26 grafts was 83% at 9 months (Table 3). The mean 
(+SD) flow velocity in the bypass grafts at the ankle was 
60 + 25 cm/s (n = 18) at the time of the patients’ discharge from 
the hospital. Successful percutaneous transluminal balloon 
angioplasty was performed in two grafts 8 and 9 months after 
surgery. Both of these patients had decreased blood flow in 
the vein graft confirmed by ultrasound examination. Follow- 
ing balloon angioplasty blood flow was increased in both 
grafts. One of these patients had an indolent wound infection 
that also resolved following angioplasty. 

Only five grafts failed. Three grafts failed within 2 months 
of operation, resulting in below-knee amputations in two 
patients. These amputations were in patients whose grafts 
failed when the distal anastomosis disrupted at the base of the 
infected wounds. Both grafts were ultimately lost in spite of 
attempts at repair. The third patient with an early oeclusion 
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hada healed toe ulcer and has gone on to do well for 14 months. 
The fourth graft failure occurred after 7 months, also leading 
to a below-knee amputation. The fifth graft failure occurred 
after 33 months, resulting in a cool, but viable, foot. 

Wound complications occurred in 11 patients (42%), of 
which 5 (45%) of 11 were considered minor, such as wound 
erythema or a self-limited seroma. The most common major 
wound complication was wound edge necrosis (n=5), which 
frequently occurred in combination with a wound infection 





Fig 2.—A completion angiogram demonstrating successful revascu- 
larization of the foot with a femoral-dorsalis pedis bypass. 


(n=4). the second most common complication. This combina- 
tion of wound complications was successfully treated by intra- 
venous antibiotics, meticulous wound care, and surgical dé- 
bridement as necessary. 

Overall patient survival was 86% at a mean follow-up of 12 
months (Table 4). There was one early death (4%) at 2 weeks 
due tc a postoperative myocardial infarction. There were 
three late deaths (13%) at 2, 6, and 19 months, all due to heart 
disease. 





Table 2.—Foot Salvage Rates 
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Table 4.—Patient Survival Rates 
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COMMENT 


Until recently, occlusive lesions of the distal tibial arteries 
were believed to represent a contraindication to attempts at 
foot salvage. Our data and others” show that it is now 
technically possible to perform successful arterial bypass to 
the ankle and pedal arteries for critical foot ischemia. Saphe- 
nous vein bypass to pedal arteries demonstrates an excellent 
rate of foot salvage and of vein bypass patency. Both the foot 
salvage rate and the primary patency rate of the bypasses 
were 83%, at a mean follow-up period of 9 months in this 
series. After successful arterial bypass, all nonhealing toe 
amputation sites and ischemie ulcers healed, and symptoms of 
rest pain abated. While below-knee amputations were neces- 
sary in three patients, no patient required an above-knee 
amputation as a result of a failed distal bypass procedure. 

Our data compare favorably with those reported by others 
performing distal bypass operations in similar patient popula- 
tions.**" Bypass to an isolated segment of popliteal artery has 
been suggested as a therapeutic option in patients with criti- 
cal foot ischemia.’ Since these data are not reported according 
to the criteria of the Vascular Society, it is hard to compare 
these results with ours or those recently reported. Now that 
bypass to the pedal arteries is technically feasible, we propose 
that it is an improved alternative providing direct arterial 
flow to the ischemic forefoot. 

Wound complications are a major source of morbidity asso- 
ciated with distal in situ saphenous vein bypass procedures. ” 
This was true in the present series. Forty-two percent (11/26) 
of our wounds developed a postoperative complication, 2 of 
which directly resulted in graft failure. The high rate of 
wound complications after this operation is, in part, a result of 


the ischemic nature of the limb operated on. The risk of wound 
infection is increased in diabetic patients and open wounds. 
Necrosis of the skin edges may result from further compro- 
mise of the skin’s blood supply by traction on the wound edges 
during dissection of the recipient artery and construction of 
the distal anastomosis. 

Another complicating factor may be the drying of the sub- 
cutaneous tissue during these procedures, which can take 
several hours to complete. In addition, postoperative limb 
edema is unavoidable and can often be quite marked. Tissue 
edema increases the amount of tension on the incision and can 
precipitate wound dehiscence. The first step toward reducing 
the incidence of wound complications involves anticipation of 
the problem, followed by the use of meticulous care when 
handling the skin both during and after the operatien. The 
operative dissection should be as limited and expedient as 
possible, minimizing the creation of skin flaps and keeping the 
wound moist at all times. For incisions on the foot, tension can 
be reduced by using a rotation flap to cover the anastomosis 
and a split-thickness skin graft to cover the resulting defect. 


CONCLUSIONS 


Limb salvage in patients with severe infrapopliteal athero- 
sclerosis and critical foot ischemia can be achieved with saphe- 
nous vein bypass to the pedal arteries. Our experienee dem- 
onstrates that this procedure yields a high rate of limb salvage 
and primary patency of the graft. Postoperative wound com- 
plications are common. However, meticulous technique can 
reduce their incidence to acceptable levels. 

This investigation was supported in part by National Heart, Lung, and Blood 


Institute grant 1 F32 HL07737-01A1, the Veterans Administration Research 
Service, and the Pacific Vascular Research Foundation, San Francisco, Calif. 
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Discussion 


RALPH DILLEY, MD, La Jolla, Calif: I agree with the conclusion 
that in patients with extensive femoral, popliteal, and infrapopliteal 
occlusive disease, bypass to paramalleolar vessels is indicated in the 
treatment of advanced foot ischemia. Our experience parallels the 
authors in that the site of distal anastomosis is usually the dorsalis 
pedis vessel, with only rarely the posterior tibial vessel being open. 
Also, the authors’ early results in primary patency, secondary paten- 
cy, and limb salvage are in agreement with other reported series. We, 
too, prefer to use the saphenous vein in situ and believe that with 
bypass to these small vessels, the operation is easier and the patency 
rate possibly higher than with reversed saphenous vein, composite 
grafts, or other autogenous grafts. 

Clear visualization of these vessels on a high-quality arteriogram is 
essential in planning the operative procedure. In patients with exten- 
sive infrapopliteal occlusive disease, routine arteriograms, unless 
timed perfectly, sometimes fail to visualize the paramalleolar and 
pedal vessels. What is the optimal way of visualizing the foot vessels 
and how far does one go to not miss visualizing them with current 
techniques? 

If you don’t visualize the pedal vessels by arteriography, have you 
used complex seanning to identify them and operate on the basis of 
these findings? Would you take the patient to the operating room and 
do an arteriogram or explore vessels to determine patency? If you did 
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not visualize the dorsalis pedis or posterior tibial vessels, but did 
visualize the plantar artery with its medial and lateral branches, 
would you carry the graft to these vessels, as suggested by others? 
How many primary amputations were performed; that is, how many 
patients with advanced foot ischemia underwent bypass'as opposed to 
primary amputation? 

In six patients, or about one fourth of the patients in this study, 
major wound complications were encountered, and this incidence is 
relatively high. Two of five graft failures occurred because of disrup- 
tion of the anastomosis in an infected wound. The wound complication 
arises invariably as a result of flap formation and the resultant 
ischemic necrosis. This usually is at the inferior wound margin, which 
is undermined because the vein is more posterior than ene thinks. To 
avoid this, we have mapped the vein preoperatively with duplex 
scanning or when a flap develops, and excise it prior to closure of the 
wound. 

With new instrumentation for valve disruption, we now use a 
semiclosed technique with incisions in the groin and ankle and small 
intervening incisions to control major branches of the vein, and have 
noted a significant decrease in leg wound complications. Wound 
complications around the ankle involve a distinct subset of problems 
because the skin is tight around the distal leg, and with operative 
swelling, the incisions often cannot be closed without tensian. We do 
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not use a single incision fer dorsalis pedis bypass but use two parallel 
ones. The incision over the anastomosis is closed primarily and the 
incision over the vein acts as a relaxing incision. If closure of this 
results in too much tension, a split-thickness skin graft is applied. 

What is your current method of preoperative evaluation of the 
vein, and have you eonsidered a less extensive incision for vein 
preparation? In those patients with gangrenous changes in the fore- 
foot or toes, do you do local amputations at the time of the bypass. 

Postoperative surveillance is important. The development of graft 
stenosis, a term that denotes myointimal lesions in the conduit, 
anastomotic sites, and adjacent native arteries, is the most common 
mechanism for graft failure, and about 75% of these lesions appear 
within the first year pestoperatively. 

Currently, the most sensitive technique for postoperative surveil- 
lance is duplex scanning. Pressure ratios are insensitive and by the 
time the ratio has fallen significantly, the graft has generally failed. 
The same can be said with clinical symptoms. On the other hand, 
duplex scanning allows localization of lesions, estimation of their 
hemodynamic significance and identification of a low flow state before 
graft thrombosis, thereby enabling intervention and salvage of the 
graft. 

Our problem has been that we recognize several postoperative 
patterns of flow disturbance. Early postoperatively there is a low 
peripheral vascular resistance related to chronic ischemia that re- 
solves in about 4 weexs with a return of a triphasic wave form on 
spectral analysis. We ean also identify restricted blood flow through 
the conduit (usually in grafts >4 mm), and after 4 weeks postopera- 
tively, we believe we can identify the low-flow state and the lesions 
responsible for it and estimate the degree of stenosis using peak 
systolic frequency and spectral broadening as criteria. 

What criteria from the duplex scan do you use to reexamine the 
patient using arteriography? How do you decide to intervene to 
prevent graft failure? 

ROBERT SCRIBNER, MD, San Francisco, Calif: Given a patient 
with an isolated below-knee popliteal segment and patent pedal 
vessels, would the authors choose to go to the pedal vessels rather 
than the isolated popliteal segment? 

DR GOLDSTONE: The optimal way to visualize the foot vessels is 
evolving. One of the key features is that the radiologist must know 
what it is he or she is looking for. It is necessary to get the lateral foot 
films to see the dorsalis pedis artery. The dorsalis pedis is clearly the 
most commonly patent artery. Pharmacologic manipulations may 
help visualization, especially using intravenous nitroglycerine as a 
vasodilator. We have not used warming of the foot or antegrade 
angiograms with the catheters placed into the distal superficial femo- 
ral artery. 

We have been less happy with digital subtraction films unless we 


don’t visualize any artery with conventional films. Digital subtraction 
films often do not show beny landmarks, and orientation can be 
confusing. 

We have explored some arteries that were not seen on arteriogra- 
phy, anc in some cases have found an artery suitable for bypass. We 
have not done any primary amputations in patients with a vessel that 
we theuzht was suitable for bypass. We are trying to salvage all of 
these feet when there is enough foot worth saving. We have not yet 
used any of the plantar branches. We are beginning to look for these 
now. 

Wound complications are serious problems. I was amazed at how 
high eur wound complication rate was. However, the literature 
shows that wound complication rates in other comparable series are 
similar. The ankle has been the most common site of wound complica- 
tions. We have had thigh complications, but the troublesome ones 
have been at the foot and ankle level. We have not done any primary 
skin grafts over the distal vein site. In two cases, there has been 
advaneement of a flap to try to cover the dorsalis pedis artery. 

We clcsed all of the distal incisions with subcutaneous Dexon and 
nylon sutures in the skin. We used skin staples for the proximal 
incisionsin the calf and thigh. We had no experience in this series with 
anything other than the leather valvulotome. We have not used any 
long veins from the contralateral leg, only short pieces for composite 
grafts. We cut the valves in those veins with the valvulotome inserted 
through she end of the vein. 

The operations are long. Residents have been involved, and it may 
be that tne drying out of some wounds has contributed to the wound 
problems. We make an effort to keep the wounds moist, and when we 
are working in one part of the leg we take the retractors out of the 
other part to try and minimize the wound trauma. If there is any 
lesson at.all to be learned from these kinds of operations, it is that the 
follow-up is really important in patients like this. 

We have had every patient return for regular follow-up. One of the 
clinica! nurses has actually picked up some of the patients and brought 
them home to get them to their clinic visits. We have used regular 
duplex seanning in all these patients, and our index for reintervention 
is very, very low. Any change in symptoms, any change in pulse or 
any change in the duplex data will prompt angiography. We have 
been looxing at velocity of flow as a more sensitive indicator than 
ankle/brachial index, and any drop in velocity has been an indicator to 
obtain ar angiogram. 

If we had a patient with an isolated popliteal segment and a dorsalis 
pedis artery, which bypass would we do preferentially? The message 
of this report is that bypasses to the pedal artery provide direct 
revascularization of the foot, and an isolated segment bypass is only 
indirect. Therefore, we would prefer to perform a bypass to the distal 
dorsalis pedis artery. 


In Other AMA Journals 


JAMA 


Outcomes of Surgery in Patients 90 Years of Age and O der 
Michael P. Hosking, MD; Mark A. Warner, MD; Creig M. Lobdell, MD, PhD; Kenneth P. Offord, MS; 


L. Joseph Melton III, MD 


During the 11-year period 1975 through 1985, seven hundred ninety-five patients 90 years of age and older 
underwent operative procedures at the Mayo Clinic, Rochester, Minn. Overall serious morbidity within 48 
hours after surgery was 9.4%, and the mortality was 1.6%. The 30-day, 1-year, and 5-year mortality rates 


were 8.4%, 31.4%, and 78.8%, respectively. Short-term morbidity and both short- and long-term mortality 
were highly associated with the American Society of Anesthesiclogists physical status classification of the 
patient. Emergency procedures carried a significantly higher risk for morbidity and mortality within the 48- 
hour period and, to a lesser extent, for long-term mortality. Overall, poorer patient survival was associated 
with higher American Society of Anesthesiologists class; male sex; preoperative renal, liver, and central 
nervous system impairment; and surgery on the mouth, nose, orpharynx. When compared with age-, sex-, 
and calendar year-matched peers from the general populatien. there was a modest decrease in patient 
surviva. at 1 year that reversed by 2 years, with observed survival at 5 years comparable to the rate expected 


(JAMA. 1989;261:1909-1915). 
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Original Article 


The Misconception of Trauma Reimbursement 


Marc J. Shapiro, MD; Mary Keegan, RN; Jerry Copeland, ACSW 


e As health care costs increase, hospital reimbursement from 
trauma victims is decreasing. Thus, the number of institutions 
dedicated to trauma care continues to decrease in this country. 
Two hundred eight consecutive patients admitted to a level 1 
traumē center were evaluated during a 10-month period. The total 
bill for 207 patients was $4 044 156, averaging $19 537 per pa- 
tient. Total reimbursement 6 months after billing was $2 054 090, 
51% of the total bill. Methods to improve reimbursement include 
increasing the ratio of blunt to penetrating trauma victims and by 
assembling a team knowledgeable in reimbursement options. 
However, because a major portion of trauma reimbursement 
comes under federal government regulation, topics such as di- 
agnostic related groups and other classification criteria of criti- 
cally injured patients need to be reevaluated, or underpayment 
for trauma patients will continue to be a national plague. 

(Arch Surg. 1989;124:1237-1240) 


rauma is a disease of young people, being the largest 

killer of individuals under 44 years of age. These patients 
occupy 12% of the hospital beds and consume 6.9% of all health 
expenditures in the United States and 2.3% of the US gross 
national product.'* Although there are many facilities desir- 
ous of and capable of taking care of the traumatized and 
critically injured patient, the lack of financial reimbursement 
has kept these facilities from continuing their trauma care. In 
1982, there were approximately 125 000 deaths from trauma 
and 8 million injuries, costing $61 000 000 000. In Los Angeles 
County, California, there were 23 trauma centers in 1984; 
presently, 16 remain. In Dade County, Florida, recently, 
there were 8 trauma centers; however, only 1 trauma center 
remains. Cities such as Chicago, Ill, are also experiencing a 
decrease in the number of trauma centers that are able to 
financially underwrite care of trauma patients. To document 
the financial loss of a level 1 trauma center in a large metropol- 
itan area, a 10-month retrospective analysis of all trauma 
admissions to the trauma service at The University Hospital, 
St Louis University Medical Center, Mo, was conducted in 
detail as to demographics of patients, mechanism of injury, 
disposition, eutcome, and financial payer-class mix reim- 
bursements. 


PATIENTS AND METHODS 


There were 208 patients admitted and discharged through the 
trauma service from August 1986 through May 1987. Patients who 
were transferred to another surgical service were excluded from this 
study, to be able to determine the impact of trauma on a solitary 
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service within The University Hospital, an adult hospital. The finan- 
cial data were retrieved from the billing department where all ac- 
counts were considered closed at 6 months. Delinquent accounts were 
then turned over to a collection agency, and any incoming funds were 
added to the hospital’s general fund. 

One patient had missing financial information. Multiple neck stab 
wounds necessitated intraoperative ligation of the left external jugu- 
lar vein and the right anterior jugular vein. He was discharged within 
24 hours. However, in reviewing the patient's chart, it was evident 
that the patient had no financial statement; thus, he was not billed for 
the services performed and was not included in this analysis. 


RESULTS 


The 207 patients had a mean age of 33.2 years (range, 15 to 
86 years of age). Three quarters of the patients were under 37 
years of age. One hundred sixty-seven (81%) of the patients 
were male and 40 (19%) were female. There were 131 whites 
(63%), 74 blacks (36%), 1 Oriental (0.5%), and 1 Hispanic 
(0.5%). One hundred thirty-two patients were single (64%), 
56 were married (27%), 12 were divorced (6%), and 7 were 
(3%) widowed. The average tength of stay in the hospital was 
11.4 days (range, 0 to 164 days). The most prevalent mecha- 
nisms of injury were motor vehicle accidents in 110 patients 
(53%), gunshot wounds in 60 patients (29%), and stab wounds 
in 35 patients (17%). Two patients sustained other forms of 
blunt trauma, 1 froma fall, and 1 from an object falling on him. 

Figure 1 shows the discharge location. One hundred fifty- 
one patients (73%) were discharged to their home; an addi- 
tional 6 patients (8%) had daily home care. Nineteen patients 
(9%) were transferred to institutions closer to home once they 
were in stable condition, 16 patients (8%) were transferred to 
rehabilitation centers, and 12 (6%) died during hospitaliza- 
tion. In addition, 2 patients (1%) were discharged to an inear- 
ceration center. 

The total bill for these 207 patients was $4 044 156, with an 
average bill of $19 537 (range, $754 to $336 962). Total reim- 
bursement was $2 054 090, with an average reimbursement of 
$9923 (range, $0 to $333 960). This represents a reimburse- 
ment rate of 51% of the total bill. Thus, $1 990 066 (49%) of the 
bill was not paid, and this is termed bad debt. Figure 2 shows 
the major forms of medical insurance reimbursement at the 
end of 6 months. Ninety-six (46%) of the patients received 
third-party reimbursement (which includes Medicare), 76 
(37%) received Missouri Medicaid, 23 (11%) received Illinois 
Public Aid (IPA is a state form of Medicaid), and 12 patients 
(6%) were unable to qualify for any form of insurance (self- 
pay); thus, the bill was their personal responsibility. Forty- 
seven patients (23%) provided complete reimbursement for 
their hospitalization expenses, with 38 (81%) being paid by a 
third party, 5 (11%) receiving Missouri Medicaid, 1 (2%) 


Trauma Reimbursement—Shapiro etal 1237 


Jail 
1% 


Rehabilitation Certer | 


Hospital 
9% 


Fig 1.—Discharge location of 207 trauma patients. 
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Fig 3.—Complete reimbursement source for 47 trauma patients. 


receiving IPA, and 3 (6%) were self-payers (Fig 3). This 
represented payment of $703 998 or 17% of the total bill. The 
average bill of these patients was $14979, or 77% of the 
overall average bill. 

Partial reimbursement was received frem 98 patients 
(47%), providing payment of 63% of $22 532 906. Figure 4 
shows methods of reimbursement, with third-party payment 
for 49 patients (50%), Medicaid, 31 patients (82%), IPA, 15 
patients (15%), and self-pay, 3 patients (3%). 

Zero reimbursement occurred for 62 patients (30%), repre- 
senting $807 252 or 20% of the total hospital bill. Expected 
reimbursement was from Medicaid for 40 patients (64%), 
third-party payment for 9 patients (15%), IPA for 7 patients 
(11%), and self-pay for 6 patients (10%) (Fig 5). 

The 12 deaths were evaluated to determine whether the 
expenses for these patients constituted a majer portion of the 
hospital bill and perhaps a major form of nonreimbursement. 
Nine patients died as a result of motor vehicle accidents, 2 
died of gunshot wounds, and 1 died of a stab wound. Financial 
reimbursement as shown in Fig 6 demonstrates that 7 pa- 
tients (58%) had third-party insurance, 2 (17%) had Medicaid, 
2 (17%) were self-payers, and 1 (8%) had IPA. This represents 
a total bill of $348 529 or 9% of the total trauma hospitalization 
bill. The total reimbursement was $167 763 or 48% of the total 
bill. 
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Fig 2.—Major source of medical reimbursement for 207 trauma 
patients. 
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Fig 4.—Partial reimbursement source for 98 trauma patients. 


Figure 7 defines the breakdown of reimbursement sources 
for the 110 blunt vehicular trauma patients. Seventy-six 
(68%) had third-party reimbursement, 18 (16%) had Medic- 
aid, 12 (11%) had IPA, and 6 (5%) were self-payers. Of the 
total bill of $2 644 897, 65% or $1 720 384 was collected. 

As Fig 8 shows, reimbursement on the bill of $1 399 259 was 
24% or $333 706 for the 95 victims of penetrating trauma. 
Fifty-eight patients (61%) had Medicaid, 20 (21%) had third- 
party reimbursement, 11 (12%) had IPA, and 6 (6%) were self- 
payers. 

The Table compares blunt vehicular trauma with penetrat- 
ing trauma by numbers of patients and percentages of reim- 
bursement per payer-mix classification. 


COMMENT 


Trauma care is expensive care as victims of trauma pose 
difficult, complicated, and, thus, costly problems. In 1980, 
less than 9% of the hospitals in the United States provided 
40% of the indigent care. Due to a decrease in hospital reve- 
nues, a decrease in governmental health care spending, an 
increase in the cost of providing hospital care, and a decrease 
in hospitalization coverage provided to the average citizen, 
25% of hospitals in 1980 lost money.* The value of organized 
systematic trauma care has been demonstrated.* However, 
this does not occur without cost. 
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Fig 5.—Zero reimbursement source for 62 trauma patients. 
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Fig 7.— Major source of medical reimbursement for 110 blunt vehicu- 
lar trauma patients. 


Trauma costs in the United States are approximately 6.9% 
of all health expenditures and 2.3% of the US gross national 
product.* The direct costs include those provided by emergen- 
cy mecical services at the scene, inpatient and emergency 
department costs, physician expenses, insurance, adminis- 
tration, any alterations to the home with required attended 
home care and medical equipment, medications, rehospital- 
ization. and rehabilitation. The cost of our study did not 
include transportation to the emergency department or pre- 
hospital expense, physician’s expenses, rehabilitation costs, 
or professional, legal, or administrative fees. 

Approximately 82% of the fees paid for trauma care come 
from public funds, 17% from third-party payment, and less 
than 1% by the patient. Because of this, counterproductive 
tension. exists between the hospital administration and clini- 
cal staff since hospital revenue is based on the physician’s 
treatment pattern. One method to maximize hospital reim- 
bursement is to be accurate in the medical record regarding 
content, diagnoses, treatment events, clinical progress, and 
treatment response. The federal government has purchased 
53% of all hospital care, and 42% is spent for inpatient hospi- 
talization.” Without proper documentation, this reimburse- 
ment will be decreased. 

In 1982, the Tax Equity and Fiscal Responsibility Act 
established that the Department of Health and Human Ser- 
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Fig 6. — Major source of medical reimbursement for 12 trauma patients 
who died. 
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Fig 8.—Major source of medical reimbursement for 95 penetrating 
trauma patients. 


vices needed to develop a proposal for Medicare reimburse- 
ment, providing for the beginning of diagnostic related 
groups (DRGs). In 1983, the Medicare Prospective Payment 
System was created by the Health Care Finance Administra- 
tion (HCFA), an agency of the Department of Health and 
Human Services administering Medicare; however, studies of 
trauma patients have demonstrated that as the cost of caring 
for the trauma patient increases, the hospital’s losses also 
increase. In fact, it has been estimated that for a bill of 
$10 000, approximately 150% of the assigned DRG is needed 
for hospitals to break even. 

Pories et al,” using DRGs, injury severity scores, and age as 
their best predictors of hospital charges, concluded that the 
present DRGs severely underestimate hospital costs. Dimick 
et al’ found similarly that DRGs severely underestimate burn 
care costs. According to Oakes et al,’ patterns of reimburse- 
ment also vary markedly according to the category of insur- 
ance sponsorship. For example, in their study on 270 motor 
vehicle accident victims, private insurance provided 90% re- 
imbursement of charges, Medicare provided 78%, selfpayers 
provided 15%, and Medi-Cal paid a fixed confidential per diem 
rate. This provided a reimbursement of 80.3% of the hospital 
bill. Bray et al° found that 75% of 51 serial motorcycle accident 
victims were uninsured and have recommended the legisla- 
ture to mandate helmet laws as well as mandatory insurance 
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Percentage of Total Reimbursement and Reimbursement by Payer-Mix Classification of Patients 
Sustaining Blunt Vehicular and Penetrating Trauma 


No. 


(%) 
of Patients* 


Reimbursement, % 


Blunt 


vehicular 110 (53) 
95 (46) 


*Two patients (1%) sustained other types of trauma. 


Penetrating 


coverage and motorcycle driving training courses for people 
riding motorcycles. 

With the number of trauma centers in major urban areas 
decreasing in the United States, there is great need for 
concern that there wil! be a limited number of trauma hospi- 
tals to care for these critically injured patients. This overbur- 
dening of resources will not only tax clinicians and other 
medical staff involved in the care of trauma patients, but will 
also be a tremendous financial drain. In analyzing our 207 
consecutive trauma patients, we found that 51% of the total 
hospital bill was reimbursed. Not unsurprisingly, 81% of 
those patients who paid their total hospital bill had that paid 
through third-party insurance payment. In contrast, those 
patients paying nothing on their hospital bill had either gov- 
ernmental subsidies or were self-payers. In addition, it is 
quite apparent that victims of penetrating trauma, who tend 
to be from more depressed areas and less likely to have third- 
party insurance, yield a source of financial loss for major 
urban trauma centers. As the Table shows, only 24% of the 
total bill was compensated for those victims of penetrating 
trauma, compared with 66% reimbursement for victims of 
blunt vehicular trauma, who also had a much higher percent- 
age of third-party reimbursement. 

Based on a current analysis of key Medicare rules and 
regulations through the HCFA, which bases the adjusted 
cost at discharge by multiplying charges for covered services 
by 66% (which the HCFA has determined to be the national 
average ratio of cost to charges), we find that in our patient 
population, the trauma service ran a deficit ef 15% of the total 
hospital bill, which is equivalent to a loss of $615 053 or an 
average per-patient loss of $2972.° Thus, it is no small wonder 
why many hospitals and urban centers taking care of a major 
portion of trauma victims are not financially solvent. 

However, there are some mechanisms with which level 1 
trauma centers may be able to augment their reimbursement. 
A large proportion of trauma victims are eligible for victims of 
crime subsidy. In Ilinois, this is equivalent to $25 000 and in 
Missouri, $10 000. However, the financial reimbursement for 
the hospital through these funds is delegated to the states. 
These funds are used for a multitude of expenses, including 
the cost of daily living for these victims, relocation costs, 
debts, and other items. In addition, in a trauma center where 
a majority of trauma patients are involved in motor vehicle 
accidents, litigation in many cases is not settled for years. 
Since our financial office closes out individual patient accounts 
after 6 months, any future remuneration pending is applied to 
a general fund and not toward the individual. Thus, although 
these monies might be collected, they would still show up as a 
deficit with respect to trauma care. 

In addition, after a 6-month period, the balance of the bill in 
many cases is turned over to a collection agency and the 
retrievable revenues are, again, applied to the general reve- 
nue fund and not designated toward a particular patient. This 
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Total Third-Party 
Reimbursement, % 





Missouri 
Medicaid, % 


Illinois 


Public Aid, % Self-Pay, % 


will alse lead to a deficit in trauma reimbursement. Because of 
the climate of reimbursement across the United States, many 
institutions are entering into contractual agreements be- 
tween third-party payers, health maintenance organizations, 
preferred provider organizations, and the like, and, thus, the 
chance of recovering 100% of the charges is not realistic. 
Therefore, the margin of total collectibles will be decreased, 
which also tends to decrease the total reimbursement 
received. 

The prospect of DRGs is not acceptable since they underes- 
timate the severity of patients’ illnesses.” Thus, tertiary care 
facilities, which tend to attract more severely injured pa- 
tients, face a loss, making it unprofitable to admit patients 
with multiple system organ failure or sepsis. An alternative 
reimbursement system based on voluntary national norms, 
objective national outcome criteria, and appropriate trauma 
management is in order.” 

The federal government appears to be aware of the problem 
with the cost of modern health care. A bill proposed by 
Congress through Representative Bates would allow disper- 
sement of $60 million in each of the next 3 years to states to 
develop and implement trauma care systems. In a similar 
fashion, Senate Bill No. 10 sponsored by Senators Cranston 
and Kennedy would allow for $75 million for 3 years to bolster 
trauma care systems and reimburse trauma centers for un- 
compensated care." However, as long as these bills are only 
propositions to be passed, major trauma centers will continue 
to go by the wayside and the major burden of trauma care will 
fall on those few institutions that truly put “patients before 
pride” with the understanding that trauma care, although a 
socially rewarding experience, is not a financially rewarding 
experience. 
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Professional Opportunities 


EASTERN KENTUCKY — Community with 56-bed, 
JCAHO hospital near Lexington in need of general 
surgeon. Friendly community in beautiful rolling 
hills offers the ultimate in family enjoyment with an 
opportunity for excellent practice. Excellent refer- 
rals from local staff. Financial package available 
with reimbursed expenses. For more information, 
call or write: Jeff Hartline, Search Consultant, 5000 
Liribar Drive, Suite 260, Nashville, TN 37211. (800) 
678-3616. 


SEEKING A GOOD, personable, hardworking vas- 
cular/thoracic surgeon to assist in caring for my 
patients. Must be willing to perform general surgery. 
Partnership potential in near future. Send salary 
requirements and curriculum vitae to: Box #901, c/o 
AOS. 









Professional Opportunities 


GENERAL SURGEON — Kaiser Permanente's 


Kansas City region is experiencing continuous 
membership growth and is seeking a second board- 
certified general surgeon. Our six medical offices 
are strategically located throughout the city and two 
area hospitals are utilized. Kaiser Permanente is a 
nation-wide health care program that has enjoyed 
success since its inception in 1942. We offer excel- 
lent salary and benefits, fully-paid malpractice 
insurance, and are academically affiliated. Send CV 
or contact: Larry McDonald, MD, 6900 Squibb Road, 
Suite 201, Shawnee Mission, KS 66202. (913) 
384-9090. 


NEW HAMPSHIRE — Solo general surgeon, BC/BE, 


for full-spectrum practice which includes C-sections 
and minor vascular procedures. Affiliated with 
modern, 32-bed, acute care hospital. Staff includes 
two internists and four family physicians. State- 
of-the-art radiology equipment. Live in beautiful 
Dixville Notch area. Enjoy rural lifestyle in family- 
oriented Community. Generous guarantee and 
benefits. Please send CV to: New England Health 
Search, 63 Forest Avenue, Orono, ME 04473; or call 
(207) 866-5580 or (207) 866-5685. 


ESTABLISHED GROUP in coastal community 
seeks BC/BE surgeon. Join busy university-trained, 
board-certi‘ied surgeons in Cape Cod area practice. 
Good coverage, competitive package, one hour 
from Boston and Providence, Rhode Island. Great 
opportunity! Send CV to: P.O. Box 471, Wareham, 
MA 02571. 


ORTHOPEDIC SURGEON for Oberlin, Ohio multi- 
specialty group to serve growing patient load. 
Northern Chio college town serving drawing area 
275,000. Salary first year with full shareholder status 
available thereafter. Send CV to: Dr. VanDyke, 224 
West Lorain, Oberlin OH 44074. 


Physicians/Surgeons 


HELP US MAKE 





Professional Opportunities 


SAN JOSE: The Permanente Medical Group seeks 
two BC/BE surgeons: one general surgeon, and one 
surgeon to do both general and vascular surgery. 
We are a nine-surgeon department with modern 
offices adjacent to a 180-bed hospital equipped with 
seven operating rooms. We handle a full range of 
general thoracic, vascular and plastic surgery cases, 
and our group includes about 100 fully trained phy- 
sicians in all specialties. Located in San Jose, Cali- 
fornia, a city of 750,000 people, we are in the heart of 
Silicon Valley, only one hour south of San Francisco 
and well situated to the Pacific Ocean beaches, 
Carmel/Monterey, Stanford University Medical 
Schoo and skiing. We offera competitive salary and 
excellent benefits. Please send CV to: Richmond 
Prescott, MD, Physician Recruitment Services, 
Depariment AS-5154, The Permanente Medical 
Group, Inc., 1814 Franklin, 4th Floor, Oakland, CA 
94612. EOE. 


ORTHOPEDIC SURGEON — Beautiful, smog-free 
living in northern Californiawith affordable housing 
and uncluttered highways. Regional acute care, 
211-bed, University of California affiliated hospital 
with full JCAHCO accreditation seeks full-time 
BE/BC orthopedist. Interesting and diverse practice 
opportunity with FP residency teaching responsibil- 
ities. Salary range $100,235-$124,172 with full 
benefit package and generous paid time aff. CVs to: 
Anthony Sforza, MD, Nativadad Medical Center, 
P.O. Box 81611, Salinas, CA 93912-1671. 


WANTED: GENERAL SURGEON to join two uni- 
versity trained, general surgeons in Mansfield, Ohio. 
Busy practice limited to general surgery in modern 
350-bed hospital with many subspecialists. Partici- 
pation in ownership starts after one year salary 
package. Mansfield is a community of approxi- 
mately 75,000 and a wonderful place to raise a fam- 
ily. Reply: Box #902, c/o AOS. 





A DIFFERENCE! 


Openings Available 
In California 


e Statewide e 





The State of California Department of Corrections 
has outstanding opportunities and excellent benefits. If 
you are interested in opportunities for innovation, pro- 
fessional growth and promotion, 


Call Today: 
(916) 739-2982 
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Professional Opportunities 


PACIFIC NORTHWEST — Group Health Coopera- 
tive of Puget Sound, a 365,000-member prepaid 
group practice, currently ^as positions available for 
a general surgeon. Referral only practice in a multi- 
specialty organization. Tc inquire, write: Director of 
Medical Staff Personnel, Group Health Cooperative 
of Puget Sound, 521 Wall Street, Seattle, WA 98121. 


EASTERN MAINE — BC’BE solo general surgery 
position with cross coverage in rural community, 
forty minutes from educational and cultural center 
and major university. Affiliated with 44-bed com- 
munity hospital. Competitive net salary guarantee 
and benefit package Enjoy Maine's pristine lakes 
and mountain vistas. Prease send CV to: New 
England Health Search, 63 Forest Avenue, Orono, 
ME 04473; or call: (207) 866-5580 or (207) 866-5685. 


SOUTHEAST FLORIDA — Orthopedic surgeon. 
Excellent opportunity for an orthopedic surgeon with 
training/experience in hands to establish a lucrative 
practice in the Ft. Lauderdale area. Option of going 
solo with financial assistance from our 204-bed hos- 
pital or join a group of four orthopedists located in 
the hospital’s medical office building. For further 
information send CV to: Jonn Hollander, Professional 
Relations, Humana Inc., Department AOS-9A, 500 
West Main Street, Louisville, KY 40201-1438. Or call 
toll-free: (800) 626-1590. 


ORTHOPAEDIC SURGEONS /general, spinal and 
pediatric — Busy two-man orthopaedic group seeks 
BE/BC general orthopaedic surgeon and either spi- 
nal or pediatric subspecialist to begin as soon as 
possible. Excellent opportunities with booming 
practice. Adjacent PT affiliation. Large referral base. 
Superb compensation and benefits package includ- 
ing signing bonus, guaranteed base salary with pro- 
ductivity incentives. All overhead covered by group. 
Send CV to: Physician Recruiter, Mid-South Ortho- 
paedic Clinic, 850 Ridge Lake Boulevard, Suite G02, 
Memphis. TN 38119. EOE 
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KAISER PERMANENT= 
Good People Good Medicine 


NORTH 
CAROLINA 


Kaiser Permanente has practice oppor- 
tunities available for BC/BE general 
surgeons in our Durham/Chapel Hill 
and Raleigh medical offices. 


Excellent salary and benefits include 
professional liability and medical cover- 
age, paid vacation and sick leave, holi- 
days, continuing education, ret rement 
plan and shareholder opportunity. 


Direct letter of introduction and cur- 
riculum vitae to: 


Phyllis M. Kline 
Physician Recruitment 
Coordinator — ARS 


CAROLINA PERMANENTE 
MEDICAL GROUP, P.A. 
3120 Highwoods Boulevard 
Raleigh, NC 27604-1018 


or call: 


(800) 277-CPMG or 
(919) 878-5874 


Affirmative action/equa 
opportunity employer. 





Bring your outstanding surgical skills to the Southern California Permanente Medical 
Group and experience the freedom to focus en patient work. Not paperwork. 
We are a multispecialty group practice — a partnership composed of and managed by 


SCPMG physicians. 


Opportunities exist for board eligible/ certified Surgeons with a combined practice of 


Peripheral Vascular and General Surgery. 


Consider the advantages: the finest equipment and latest technology; the availability of 
consultations with other physicians of distinction, and a broad network of exceptional 


support personnel backed by excellent resources. 


Our compensation is competitive and benefits are outstanding. They include: 
professional liability. medical and dental coverage, vacation and sick leave, continuing 
education, life insurance and retirement plans. After two years of full-time employment, 
physicians are eligible to be considered for partnership. 

For a physician application, please call (800) 328-5278. If calling from outside o° 
California, please ca'l (800) 541-7946 or send your curriculum vitae to: Physician 
Recruitment, Dept. 018, Walnut Center, Pasadena, CA 91188-8013. 


Equal Opportunity Employer M/ F/H 


\ A 
KAISER PERMANENTE 
Good People. Good Medicine. 
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METROPOLITAN 
WASHINGTON, D.C. 


Board-certified or -eligible 
thoracic, vascular, plastic, 
neuro and general surgeons 
wanted to join a multi-specialty 
group practice. Group serving 
250,000 members of Kaiser 
Permanente of the Mid-Atlantic 
states region. 


Busy surgical practice. Excel- 
lent salary and benefit pack- 
age. Send CV with all inquiries 
to: 


William J. McAveney, MD 
Physician Recruitment Director 


Capital Area Permanente 
Medical Group, P.C. 


4200 Wisconsin Avenue, N.W. 
Suite 300 
Washington, DC 20016 








Your New Kentucky Home 


Louisa Kentucky’s strikingly beautiful loca- 
tion on the Kentucky-West Virginia border 
makes these surgical private practice 
opportunities ideal for those who enjoy 
the outdoors. Yet, Louisa is just 35 miles 
from the Huntington, West Virginia/Ashland, 
Kentucky metropolitan area of over 300,000. 
There are currently several private prac- 
tice opportunities available: 


General Surgeon: Excellent associate or 
solo practice (with coverage) opportunity 
is available with a very generous income 
guarantee and other amenities. 


Orthopedic Surgeon: Rewarding opportu- 
nity for an Orthopedic Surgeon to estab- 
lish practice with the support of a very 
attractive financial and marketing pack- 
age. There are currently no Orthopedic 
Surgeons in this area of over 60,000 
people. 


Urologist: An aggressive, well-trained Urol- 
ogist is needed to establish private prac- 
tice, as well as serve as the Medical 
Director of this department at Humana 
Hospital-Louisa, our 90-bed acute care 
facility. The hospital is offering a very 
generous financial and marketing package. 


For more information, send your CV to: 
Paul Coogan, Professional Relations, 
Humana Inc., Dept. AOS-9, 500 West Main 
Street, Louisville, KY 40201-1438. Or call 









The Doctor Is In... 


... private practice in the 
perfect community. 


lf that’s your goal, Humana can help. We 
have over 80 hospitals in 20 states. Chances 
are we know of a private practice oppor- 
tunity in the location of your choice. Con- 
sider these communities: 


è General Surgeons 
San Francisco Bay area 


è Otolaryngologists 
Enterprise, AL 


Louisa, KY Atlanta, GA area 
Somerset, KY 

è Neurosurgeons College Station, TX 
Augusta, GA Greenbrier Valley, WV 
South Florida 
Dodge City, KS eè Plastic Surgeons 
Lebanon, TN Chattanooga, TN 
Layton, UT 

è Urologists 

è Orthopedic Surgeons Central Florida 
Alabama Louisa, KY 
Los Angeles Co., CA Ville Platte, LA 


Central Florida Beaumont, TX 


Houston, TX 
Greenbrier Valley, WV 


For more information about these and other 
private practice opportunities, send your 
CV to: Manager, Professional Relations, 
Humana Inc., Dept. AOS-9C, 500 West Main 
Street, Louisville, KY 40201-1438. Or call 
TOLL-FREE 1-800-626-1590. of 





GENERAL 
SURGEON 


To join three-person 
department in 90-physician 
fee-for-service, multi- 
specialty group in pleasant, 
growing community 
(150,000), 1/2 hours from 
San Francisco and skiing. 





Must have interest, 
experience and/or 
training in trauma or 
trauma program. 
Excellent benefits. 


Contact: 


C.V. Allen, MD 
Medical Director 


GOULD MEDICAL GROUP 


600 Coffee Road 
Modesto, CA 95355 








Professional Opportunities 


THE OWATONNA CLINIC, P.A. is looking for a 


board-eligible/board-certified orthopedic surgeon 
to join a procressive, 21-physician member, multi- 
specialty group in Minnesota. Specialty areas cur- 
rently include family practice, general internal med- 
icine, genera surgery, OB/GYN, dermatology and 
pediatrics. Community includes an economic base 
which is 70% industrial rather than agricultural, and 
has a population of 21,000 with a drawing area of 
40,000 plus. We have a very extensive benefit pack- 
age including health, life, individual disability in- 
surance, as well as profit sharing, 401-K Plan, along 
with other standard benefits. An incentive program 
for the high producer exists, along with partnership 
after one year and a willingness to provide an ade- 
quate guarartee for the first year. Please contact: 
Dr. Ed Durst, President, or Terry Tone, Administra- 
tor at the Owatonna Clinic, P.A., 134 Southview, 
Owatonna, MN 55060. Or call collect at: (507) 
451-1120. 


GENERAL SURGEON: Surgical group seeking 


BC/BE, university trained associate. PV fellowship 
Or extensive experience required. Complete non- 
invasive laboratory. Beautiful rural setting. Two 
hours from New York City. Send reply to: Box 
ANNSD, J.B. _ippincott Company, East Washington 
Square, Philadelphia, PA 19105. 


ORTHOPEDIC SURGEON — Needed for 78-bed 
JCAHO hospital. We are growing and we need to 
enlarge our specialty staff. Just opened new cancer 
treatment center. 12,000 community, 90,000 imme- 
diate service area. 160,000 catchment area. Great 
outdoors area, cattle, oil, gas, hunting, fishing, good 
schools, low crime, ideal area for raising children. 
Reasonable malpractice rates. Send CV to: Marilyn 
Bryan, Community Hospital, P.O. Box 2339, Elk 
City, OK 73648. (405) 225-2511. 





PLEASE NOTE— Address replies to box number 
ads as follows: Box number, nis CO AQS. 
P.O. Box 1510, Clearwater, FL 34617. 


VASCULAR 
SURGEON 


Deborah Heart & Lung Center 
is currently seeking qualified 
physician for fellowship train- 
ing or surgical rotations in 
Adult Vascular Surgery. 


Outstanding educational op- 
portunities with excellent sal- 
ary & benefits. Please contact 
Lynn B. McGrath, MD, Chair- 
man, Department of Surgery, 
(609) 893-6611, Ext. 634. 


Deborah Heart 


and Lung Center 
Browns Milis, NJ 08015 


Equal Opportunity Employer 








Professional Opportunities 


GENERAL SURGEON needed for a 50-bed, com- 
munity hospital located in West Liberty, Kentucky. 
The hospital has an excellent operating suite along 
with modern equipment and trained staff. Excellent 
starting salary available with fringe benefits. Inde- 
pendent practice terms also available. Beautiful 
lakes, parks and recreational opportunities abound. 
Contact: Appalachian Regional Healthcare Atten- 
tion: Mr. Gary J. Smock, P.O. Box 8086, Lexington, 
KY 40533. (606) 281-2440 or (800) 888-7045 


GENERAL SURGEON — BC/BE with interest in 
peripheral vascular surgery and non-invasive labor- 
atory to join active general surgery practice Excel- 
lent lifestyle in community of 24,000 close tometro- 
politan area and two medical schools. Benelits and 
guarantee with early partnership opportunity. Send 
CV to: President's Office, Memorial Hospital, 450 
East 23rd Street, Fremont, NE 68025 





Faculty Positions 


VASCULAR SURGEON — The Department of 
Surgery, Medical College of Pennsylvania is recruit- 
ing a board-certified/-eligible vascular surgeon fora 
full-time academic position. Responsibilities include 
patient care, research, medica! student and resident 
instruction. Benefits and insurance incluced Apply 
to: Division of Vascular Surgery, Medical College of 
Pennsylvania, Philadelphia, PA 19129. 


Medical Publications 


SCLEROTHERAPY For Truncal Varicose Veins and 
Telagiectasias: Practioner's Guide ($55) available 
from Vein Disorders Center, 16311 Ventura Boule- 
vard, Suite 505, Encino, CA 91436. (818) 905-5502: 
FAX: (818) 905-6092. 





Medical Equipment/ Supplies 





GREAT SALE: tables, lights, etc., etc. Refurbished/ 
warranted. Call toll free: (800) 748-5748. MFI 
Medical. We'll purchase your equipment, tao! 





Computers/ Software 


Gp’ 


Medical Office Systems ™ 
¢ Office Management System 
e Office Billing System 
e Electronic Claims System 


¢ Bar Coding System 
Easy instaliation-operation, advarcec multi- 
user capabilities, exceptional support ser- 
vices. Software purchase starting at ONLY 
$495 qualifies for substantial savings on IBM 
PS/2 computers For free info or demo disk 


AMERICAN MEDICAL SOFTWARE" 
P.O. Box 236 Edwardsville, Ik 62025 
800-423-8836 618-692-1300 


Miscellaneous 


SCLEROTHERAPY '89 — A comprehensive inoffice 
training program for the treatment of truncal vari- 
cosities and telangiectasias. Three day clinical 
workshops, VHS tapes, and a complete practition- 
er's guide offered by a clinical instructor in surgery, 
USC Medical School, Los Angeles, Califosnia. For 
information, write to: Vein Disorders Center, c/o 
Gabriel Goren, MD, 16311 Ventura Boulevard, Suite 
505, Encino, CA 91436. Telephone: (818) 905-5502; 
FAX: (818) 905-6092. 


CLASSIFIED INFORMATION 
Call: 


National 800-237-9851 
Florida 800-553-8288 
Local 813-443-7666 
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Clinical Note 


Giant Sigmoid Diverticula 


Report of Two Cases 


Patrick R. Scerpella. MD, Joseph A. Bodensteiner, MD 


è Two patients with giant sigmoid diverticula, an unusual 
complication of diverticulitis, had histories of progressive 
abdominal discomfort and the presence of an enlarging ab- 
dominal mass. Plain abdominal roentgenograms with confirm- 
atory contrast studies established the diagnosis. The debili- 
tated condition of the patients at the time of surgery points to 
the need for operative intervention earlier in the clinical 
course. Extensive adhesions made surgical dissection diffi- 
cult in one case and precluded sigmoid resection and diver- 
sion in the other. 

(Arch Surg 1989;124:1244-1246) 


iverticulitis is the most frequent complication of diver- 
ticular disease of the colon. It has been estimated 
that 10% to 20% of patients with diverticulosis will develop 
clinically apparent diverticulitis.! Intra-abdominal abscess, 
fistula formation, and bowel obstruction are some of the 
more common sequelae of the acute inflammatory process. 
Giant sigmoid diverticulum is a rare complication of diver- 
ticulitis. This report describes two patients with giant 
sigmoid diverticula who underwent surgieal intervention. 


REPORT OF CASES 


CasE 1.—A 73-year-old woman was admitted to the hospital in 
June 1981 with a four-year history of progressive abdominal 
swelling and a one-week history of fever. Investigation of a lower- 
abdominal mass in February 1977 had revealed a large lower- 
abdominal gas density on an abdominal roentgenogram (Fig 1, 
left). Barium studies had demonstrated a communication between 
the gas collection and the sigmoid as well as diverticulosis. The 
patient had refused surgery. Over the following four years the 
abdominal swelling progressed until it involved the entire anterior 
abdomen. 

At the June 1981 admission the patient appeared cachectic and 
weak. Temperature was 39.4°C. The entire abdomen was markedly 
distended, tympanitic, and slightly tender. A chest roentgenogram 
revealed elevation of the diaphragm, greater on the right side. A 
plain abdominal roentgenogram showed marked distention of the 
abdomen, with the entire anterior aspect occupied by a gas density, 
approximately 30 x 49 cm in diameter (Fig 1, middle). A depth of 
16 to 17 cm was demonstrated by a cross-table lateral study (Fig 
1, right). 

At laparotomy, a large amount of gas escaped as the peritoneum 
was entered, collapsing the anterior abdominal wall. Abdominal 
exploration revealed a large fecal-stained cavity lined by granu- 
lation tissue, representing a giant sigmoid diverticulum. A com- 
munication with the sigmoid was noted. Extensive involvement of 


Accepted for publication May 18, 1988. 

From the Department of Surgery, Gundersen/Lutheran Medical Center, 
La Crosse, Wis (Dr Scerpella); and Rhinelander (Wis) Medical Center (Dr 
Bodensteiner). 

Reprint requests to Gundersen Clinic Ltd, 1836 South Ave, La Crosse, 
WI 54601 (Dr Scerpella). 


1244 Arch Surg— Yol 124, October 1989 


the abdominal viscera with granulation tissue and fibrosis pre- 
cluded colonic resection and diversion. Several large Penrose 
drains were placed throughout the wound and the wound was 
packed open. Postoperatively the wound drained heavy fecal 
materia., subsiding as the patient started to pass flatus and stool 
rectally. At the time of discharge the wound had started to 
granulate. 

Case 2.—A 73-year-old man was admitted to the hospital in 
January 1987 with abdominal bloating, cramping, and decreased 
appetite. Six months before admission an abdominal plain roent- 
genogram had demonstrated a large lower-abdominal gas density. 
Barium studies revealed small diverticula in the sigmoid colon and 
showed filling of the gas collection, consistent with a communicat- 
ing giart sigmoid diverticulum (Fig 2, left). The patient refused 
surgery. Over the subsequent six months his abdominal complaints 
increased in severity. 

At admission, the patient complained of abdominal cramping 
and paima and the recent onset of diarrhea. Physical examination 
revealec an elderly man who appeared chronically ill and mal- 
nourished. The lower middle part of the abdomen was distended 
by an ovoid mass that was tympanitic, slightly mobile, and mildly 
tender. A kidney, ureter, and bladder study demonstrated an oval 
gas collection 13x17 cm in diameter, considerably larger than 
that seen six months earlier (Fig 2, right). 

After a bowel preparation, the patient underwent elective 
resection of the diverticulum and accompanying sigmoid colon 
(Fig 3). The diverticulum was densely adherent to multiple 
structures. An end-to-end anastomosis was performed. 

Surgieal pathologic examination revealed a 12 x 13-cm saclike 
structure attached to the mesenteric border of the sigmoid. 
Histologically, prominent muscular hypertrophy and submucosal 
fibrosis were noted in the bowel wall at the opening of the giant 
diverticalum. The diverticular wall consisted of dense fibrous 
tissue with a thick inner lining of granulation tissue. No muscle 
cells were seen in the wall of the diverticulum. 

The patient’s postoperative recovery was complicated by a 
prolonged ileus, central line sepsis, and Neisseria pneumonia. The 
patient was discharged on postoperative day 20. 


COMMENT 


Since the review of 48 patients by Gallagher and Welch? 
in 1979 an additional 30 cases of giant sigmoid diverticula 
have beean reported in the English literature.*!* The average 
age at the latest presentation was 68.5 years, with a range 
of 32 to 90 years. 

The predominant complaint at presentation was abdom- 
inal pam (27/31, 87%). When specifically addressed, only 
six (88%) of 16 patients complained of an abdominal mass 
or distention. Other complaints included nausea,**8 vom- 
iting,47-4 fever,®'*"* diarrhea,®!45!8 and bloody diarrhea (a 
case of coexisting acute inflammatory bowel disease and 
diverticulosis).!° As was previously described,? one patient 
was asymptomatic except for the presence of an abdominal 
mass. Another patient was entirely without complaint. ° 
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Fig 1.—Patient 1. Left, Large lower-abdom- 
inal gas density. Middle, Four years later, 
there is marked enlargement of density, 
with approximate diameter of 30 x 40 cm. 
Right, Cross-table lateral view demon- 
strates depth of 16 to 17 cm. 
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Fig 2.—Patient 2. Left, Barium enema examination demonstrates communication of gas density with sigmoid. Right, 
Six months later, density has enlarged. 
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Fig 3.—Patient 2. Resected sigmoid with giant sigmoid diverticu- 
lum. 


Abdominal tenderness (18/21, 86%) and a palpable mass 
(16/21, 76%) were the most consistent physical findings. 
Classically, the mass is in the lower part of the abdomen 
and has been described as movable*®** and tympa- 
nitic.+:*518 Peritoneal signs,''418 fever,* #178 and leuko- 
cytosis!718 have also been reported. Three patients had 
normal results of physical examinations.** 

Plain abdominal roentgenograms usually show a round 
gas density located in the lower part of the abdomen, 
averaging 13.5 cm in diameter (range, 3 to 35 cm). Upper- 
abdominal locations have also been described,?"'* as has 
involvement of the entire abdomen, as with our first case.’ 
Air fluid levels can be seen within the lucency.*2* The 
lucency has also been noted to disappear and reappear on 
consecutive examinations, correlating with the absence 
and presence of a palpable mass." 

Other conditions may manifest as a large, round radio- 
lucency on abdominal roentgenograms. These include cecal 
or sigmoid volvulus, giant duodenal diverticulum, emphy- 
sematous cholecystitis, Meckel’s diverticulum, congenital 
duplication of the colon, and emphysematous cystitis.?1°.20.21 

In 29 of the 32 patients in whom it was performed, 
barium enema examination showed filling of 24 (75%) of 32 
giant diverticula. Diverticulosis was seen in 28 patients. 
In the three patients who each had two giant sigmoid 
diverticula, two patients had both diverticula demon- 
strated on barium enema examinations,*"* while the third 
had one visualized by radiocontrast and both by computed 
tomography.” As with our first case, contrast studies in 
other patients have confirmed the persistence of the diver- 
ticulum over time—three™ and six? years. Endoscopy 
demonstrated a 3- to 4cm opening into a giant sigmoid 
diverticulum in one patient." 

Commonly, there are inflammatory adhesions to adjacent 
structures, such as the fallopian tubes,'* uterus,’ blad- 
der,”56 small-bowel mesentery,*!* adjacent sigmoid,‘ and 
distal ileum.“ Histologically, most of the giant sigmoid 
diverticula are in fact pseudodiverticula, with walls com- 
posed of fibrous conneetive tissue and having an inner 
lining of granulation tissue. Exceptions to this general 
observation range from diverticula with scattered areas of 
smooth-muscle cells with occasional ganglion cells** to 
reports of demonstration of all the usual eolonic layers.5?5 

The treatment of these latest 32 cases was predominantly 
surgical. Three patients were treated medically,"* with 
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one improving with antibiotics and diet therapy. Of the 
29 taken to the operating room, 13 patients (45%) under- 
went sigmoid resection with primary anastomosis, includ- 
ing our second case*; four (14%) had a sigmoid resection 
with a diverting procedure®’’; three (10%) had a diver- 
ticulectomy,** one of which also involved a colostomy”; 
two (7%) had drainage only, including our case 1%; and 
seven had a sigmoid resection without further details 
given.®910.1316 There were no reports of anastomotic leaks 
or of reoperation. There was one operative death involving 
a patient with a perforated empyema of a giant cyst." 
Fourteen patients had uneventful postoperative courses, 
and 13 cases were without comment on the postoperative 
recovery. 

The complication rate associated with giant sigmoid 
diverticula was surprisingly high. There was a single case 
of small-bowel obstruction,’* two perforations leading to 
pneumeperitoneum,** and five cases, including the opera- 
tive death, with evidence at surgical exploration of previous 
or concurrent perforation of the giant diverticulum. 5919.18 

In conclusion, giant sigmoid diverticulum is a rare 
complication of diverticulitis. Plain abdominal roentgeno- 
grams and barium enema examination establish the diag- 
nosis. Because of the attendant complications and the 
potentially debilitating course, the treatment of choice is 
early sigmoid resection with a primary anastomosis. Sur- 
gical dissection can be made difficult by the presence of 
extensive adhesions. 


*References 4, 5, 7, 8, 10-13, 15, 18, 19. 
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Atlas of Vascular Surgery, edited by C. K. 
Zarins and B. L. Gewertz, 208 pp, $125, New 
York, NY, Churchill Livingstone Inc, 1989. 


Surgeons, being innovative and in- 
dependent thinkers, often favor sur- 
gical techniques that reflect their own 
individuality. It is widely accepted, 
however, that as long as the results of 
any operation meet contemporary 
standards, the “cat can be skinned” 
several ways. This atlas follows these 
principles and describes commonly 
performed vascular procedures with 
the authors’ personal imprimaturs. As 
Drs Zarins and Gewertz note in the 
preface, this is not intended to be a 
textbook of vascular surgery. It is 
more a technical handbook that stu- 
dents of vascular surgery, be they 
house officers, general surgeons, or 
established vascular surgeons, will 
find helpful in their daily practice of 
the craft of vascular surgery. 

The table of contents in this hand- 
somely bound book clearly defines its 
scope. The format of each chapter and 
each section is easy to read, facilitated 
by alphabetical step-by-step notations 
in the margin of each page. Each 
alphabetical notation describes its cor- 
responding illustration, which focuses 
the reader’s attention on the precise 
point being illustrated. 

Illustrations with halftone empha- 
sis are clear and uncluttered with 
descriptive labels and unnecessary de- 
tail, but precise enough to be easily 
studied and understood at almost a 
single glance. Kathy Hirsh, the illus- 
trator, is to be complimented. Fur- 
thermore, illustrative material is 
unencumbered by redundant text; the 
authors have followed the principle 
that one picture is worth a thousand 
words. Unfortunately, in some areas 
the words are inaccurate. 

Chapter 1, encompassing aortic 
arch and extracranial cerebrovascular 
procedures, receives a grade of A. 
Although there is a lack of detail in 
some critical manuevers, such as the 
precise transection plane of the aortic 
intima during innominate endarterec- 
tomy, the chapter is informative. Im- 
precise transection of the aortic intima 
may cause aortic dissection, and oc- 
casionally the remaining aortic wall is 
so thin after the endarterectomy that 
closure is tenuous and requires 
pledged sutures. The authors’ pen- 
chant for use of Heifetz microvascular 
clips requires the cautionary note that 
these clamps must be of the low-com- 
pression variety. Clamps designed for 
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obliteration of intracranial aneurysms 
may produce such high occlusive ten- 
sion that intimal injury may follow. 

The sections on kinked and coiled 
carotid arteries are as good as I have 
seen illustrated anywhere, and will no 
doubt prove valuable for managing 
these very unusual problems. 

Chapter 2, dealing with aneurysmal 
disease, is graded A—. The authors 
appropriately suggest retroperitoneal 
exposure when managing an aneu- 
rysm complicated by a horseshoe kid- 
ney, a technique that I prefer. If ex- 
posure is appropriately performed, 
the renal mass is not encountered, and 
renal revascularization is easily ac- 
complished by the inclusion technique, 
as the authors note. 

I have some concern about not ligat- 
ing the popliteal artery distal to the 
bypassed popliteal aneurysm. The 
need for continued geniculate perfu- 
sion is secondary to the need for oblit- 
erative thrombosis of the aneurysm 
because continued aneurysm perfu- 
sion may lead to progressive enlarge- 
ment. 

The management of ruptured aortic 
aneurysms, both into the retroperito- 
neum and into the inferior vena cava, 
is clearly illustrated, and the authors 
appropriately emphasize the need for 
supraceliac aortic control. In addition, 
the utility of the occlusion balloon 
catheter becomes evident. 

The technique of thoracoabdominal 
aneurysm repair is both comprehen- 
sive and concise. The inclusion tech- 
nique popularized by E. Stanley Craw- 
ford, MD, is emphasized. More often 
than not, however, left renal artery 
reconstruction requires a separate 
side arm from the prosthesis, a tech- 
nique not illustrated. 

Chapter 3, describing renal revas- 
cularization, merits a grade of B. The 
sequence of aortic and end-to-end re- 
nal anastomoses illustrated for left 
renal revascularization is widely ac- 
cepted by all who have significant 
experience with this procedure. How- 
ever, the sequence of performing the 
renal anastomosis first, followed by 
aortic anastomosis when managing 
right renal arterial disease, is dis- 
tinctly unusual. To reverse the order 
and perform the renal anastomosis 
first, particularly if it is end to end, 
anc then the aortic anastomosis, com- 
plicates the procedure and unneces- 
sarily prolongs renal ischemia. 

Infusing the in situ kidney with cold 
heparinized balanced salt solution un- 
necessarily complicates the procedure 


when renal revascularization is per- 
formed for a renal arterial stenosis. In 
this setting, renal ischemia time is not 
critical because of preexisting protec- 
tive collaterals. Finally, it is rarely 
possible to reimplant a renal artery 
into a prosthesis unless the renal ar- 
tery is uncommonly redundant. 

Chapter 4, dealing with mesenteric 
revascularization, merits a grade of 
B+. The several mesenteric revascu- 
larization options are clearly de- 
scribed, with the exception of retro- 
peritoneal exposure for superior 
mesenteric artery endarterectomy. 
Retroperitoneal exposure permits 
unencumbered exposure of the celiac 
and superior mesenteric origins. It is 
also important to point out that care 
must be taken in performing superior 
mesenteric endarterectomy to ensure 
an adequate cleavage at the aorta, not 
only to excise all of the oecluding 
plaque, but to prevent subsequent aor- 
tic subintimal dissection, maneuvers 
facilitated by retroperitoneal expo- 
sure. 

Chapter 5, which accounts for ap- 
proximately one third of this atlas, 
provides valuable information, partic- 
ularly for those surgeons performing 
their first lower-extremity arterial re- 
constructive procedures. It merits an 
A-—. The illustrations are self-explan- 
atory and the text is mostly accurate. 
But it should be noted that, by ana- 
tomic definition, the axillary artery 
begins as the subclavian artery 
crosses the lateral border of the first 
rib. Although the subclavian artery 
may serve as the inflow source for 
axillofemoral bypass (just as the iliac 
artery is the inflow source for a femo- 
ral popliteal bypass), the proximal 
anastomosis is made to the axillary 
artery, not the subclavian artery. Why 
the authors persist in deseribing the 
proximal anastomosis to the subcla- 
vian artery is puzzling, particularly 
since the illustrations clearly depict 
the axillary artery. 

Another anatomic detail requires 
clarification. Since the peroneal artery 
with its companion posterior tibial 
artery lie posterior to the imterosseous 
membrane in the calf, it is not neces- 
sary to tunnel the vein graft through 
the interosseous membrane, as the 
authors have suggested. 

Chapter 6, describing management 
of complications, merits an A—. In my 
experience, inflammatory reaction as- 
sociated with aortoenteric fistula or 
an infected graft, which require graft 
excision, is frequently so extensive 
that identification of a segment of 
prevertebral fascia to imbricate over 
the aortic stump is virtually impossi- 
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ble. After suturing the aorta, I prefer 
to buttress the closure with a pedicle 
of omentum transposed through the 
transverse mesocolon. 

On the jacket overleaf, the publisher 
is entirely justified when noting that 
this is a “timely source of information 
for surgeons about te initiate a vascu- 
lar procedure.” On balance, Drs Zarins 
and Gewertz have provided an excel- 
lent basic surgical atlas meriting a 3.5 
grade on a 4.0 scale. Perhaps the 
second edition will include techniques 
now evolving, such as operative arte- 
rial dilatation, use of atherectomy de- 
vices, and angioscopy. Atlas of Vascu- 
lar Surgery is worth the investment 
and should be included in the vascular 
surgeon’s library. Drs Zarin and Ge- 
wertz have set high standards for the 
remaining contributors to this series 
of technique atlases. 

Ca.tvin B. Ernst, MD 
Detroit, Mich 


Reoperative Gastrointestinal Surgery, by T. T. 
White, M. W. Malholland, and R. C. Harrison, 285 
pp, with illus, $59.95, East Norwalk, Conn, Apple- 
ton & Lange, 1989. 

This is a rather brief monograph on 
an extremely broad subject—so broad 
that complete coverage is probably im- 
possible. It is very interesting reading 
and will provide some thought-provok- 
ing concepts and techniques to the prac- 
ticing general surgeon. Every reader 
will find thoughts and statements with 
which he or she disagrees, but the 
problems of reoperation on the gastro- 
intestinal tract are so severe and so 
potentially serious that the surgeon is 
grateful for any assistance. 

The chapter on diagnostic radiology 
is extremely well written. This is fol- 
lowed by an excellent review of invasive 
radiology. This field has developed so 
rapidly in recent years that this pres- 
entation will undoubtedly soon be out 
of date. Nonetheless, we all know the 
enormous value of the invasive radiolo- 
gist as a colleague in surgical patient 
care. The chapter on abdeminal sepsis 
is brief but certainly renders very clear 
the general concepts of diagnosis and 
treatment. The details of antibiotic reg- 
imens were undoubtedly out of date 
before the book was published, but this 
is easily rectified by current review. 

The gastrointestinal traet is covered 
chapter by chapter, from esophagus to 
rectum. A good deal of space is devoted 
to the primary operation, yet this cov- 
erage is too brief for textbook purposes; 
more space devoted to the secondary 
operations would be more appropriate. 

The chapter on bariatric surgery is 
also very well written. However, a dis- 
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proportionate amount of space is de- 
voted to jejunoileal bypass since this is 
clearly no longer an acceptable opera- 
tion for morbid obesity. The complica- 
tions of this procedure are covered thor- 
oughly, but the mortal danger is not 
emphasized sufficiently, and the concept 
that all existing patients with a jejuno- 
ileal bypass should have concinuity re- 
stored is not presented. 

The volume is well organized, well 
written, and easy reading. It is recom- 
mended as very worthwhile reading for 
the practicing general surgeon. 

E. R. Woopwarp, MD 
Gainesville, Fla 


Hall of Cottage, by George A. Higgins, 90 pp 
with illus, Santa Barbara, Calif, Chron Books, 
1989. 

This small paperback can be read 
easily in an afternoon or evening. It is 
a biography of a promising bat tragic 
figure, surgeon Richard J. Hall (1856- 
1897). The author, George A. Higgins, 
a surgeon in Santa Barbara, Calif, has 
carefully collected information about 
Hall from a wide variety of sources 
that are listed in the bibliograohy. 

Richard J. Hall was born in Armagh, 
now Northern Ireland. At 11 years of 
age he immigrated to the United 
States when his father, the Reverend 
John Hall, was called to the Fifth 
Avenue (Presbyterian) Church in New 
York, NY, in 1867. Reverend Eall had 
a long and distinguished career in the 
clergy. Young Richard attended school 
in New York and entered Prmceton 
College, from which he graduated 
with honors in 1875. The same year, 
he entered the New York College of 
Physicians and Surgeons where he 
renewed an acquaintance with William 
Stewart Halsted, 1 year his sen or. 

After graduation from medical 
school in 1878, Hall became a house 
officer at the Roosevelt Hospital, New 
York, NY, for 18 months. In October 
1879, he married and went to Europe 
on a combined honeymoon and tour of 
the famous medical clinics. In Vienna, 
he again encountered Halsted. Cn his 
return to the United States in 1880, 
Hall joined the staff of the Roosevelt 
Hospital as an associate of Dr Eenry 
Sands. 

In September 1884, a report by Dr 
Karl Koller of Vienna was read at a 
meeting of the German Ophthalmolog- 
ical Society in Heidelberg describing 
the use ef topical cocaine solutions in 
producing anesthesia of the cornea 
and conjunctiva. This discovery was 
quickly made known in the United 
States, and Drs Hall and Halsted were 
among the many physicians who began 


to investigate the use of cocaine as an 
anesthetic agent. Working together, 
Hall and Halsted devised the tech- 
nique of neuroregional anesthesia, a 
lasting and important contribution. In 
the process, however, both became 
addicted to cocaine, ending their very 
promising careers in New York. Hall 
resigned from the Roosevelt Hospital 
in 1888. Hall, his wife, and two chil- 
dren moved to Santa Barbara where, 
apparently free of cocaine addiction, 
he began a successful surgical practice 
in connection with the newly estab- 
lished Cottage Hospital. 

On May 8, 1886, a 17-year-old male 
was admitted to the Roosevelt Hospi- 
tal with a painful mass in a right 
inguinal hernia. Dr Hall operated on 
the patient in an emergency and found 
a perforated appendix within the her- 
nia sac with generalized abdominal 
peritonitis. He ligated the appendiceal 
stump, removed the appendix, and 
performed a “toilette of the perito- 
naeum.” The patient recovered and 
was described in a case report pub- 
lished in the New York Medical Jour- 
nal, June 12, 1886. 

Six days later, Reginald Fitz read 
his classic report on appendiceal dis- 
ease in Washington, DC. After the 
Fitz report, appendicitis was widely 
recognized, and appendectomy was 
popularized by American surgeons, 
most notably Charles McBurney, who 
was a New York associate of Hall and 
Halsted. Hall’s operation was clearly 
a significant contribution to the story 
of appendicitis and it is interesting to 
speculate that, had it not been for his 
cocaine addiction, he might have 
shared the fame accorded McBurney. 

In Santa Barbara, Hall’s personal- 
ity, surgical skill, and energy quickly 
established him as a leader in the 
community. He began to draw surgical 
patients from the surrounding area to 
the Cottage Hospital, and the future 
of both Dr Hall and the institution 
seemed bright. In January 1897, Hall 
became ill. Because there was no other 
surgeon in the community, a surgeon 
from San Francisco was called to Santa 
Barbara. Appendectomy was per- 
formed in Dr Hall’s home but on Jan- 
uary 24, several days after the opera- 
tion and 16 days before his 41st 
birthday, Richard J. Hall died. 

This is the story of a talented sur- 
geon, twice thwarted in a potentially 
productive career. It will be particu- 
larly pertinent to those interested in 
the history of appendicitis, the Hal- 
sted cocaine saga, or the Cottage Hos- 
pital. 

G. RAINEY WILLIAMs, MD 
Oklahoma City, Okla 
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due to indicated organisms 


For Intravenous or Intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE 

TREATMENT: CEFOTAN® (cefotetan disodium) is indicated for the therapeutic treatment of “he 
following infections whea caused by susceptible strains of the designated organisms: 

Urinary tract infections caused by £ coli, Klebsiella species (including K pneumoniae), Proteus 
mirabilis and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 
rettgeri, and Morganella morganii). 

Lower respiratory tract infections caused by Streptococcus pneumoniae (formerly D pneumeniae), 
Staphylococcus aureus (penicillinase- and nonpenicillinase-producing strains), Haemophilus influenzae 
sae ampicillin-resisiamt strains), Klebsiella species (including K pneumoniae), and E coli. 

kin and skin structure infections caused by Staphylococcus aureus (penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis, Streptococcus pyogenes and Streptoceccus 
species (excluding enterococei), and E coli. 

Gynecologic infections caused by Staphylococcus aureus* (including penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis, Streptococcus species ge ay entero- 
cocci), E coli, Proteus mirabilis. Neisseria gonorrhoeae, Bacteroides species (excluding B distasonis, 
B ovatus, B thetaiotaomicron), Fusobacterium species,” and gram-positive anaerobic cocci (including 
Peptococcus and Peptostreptococcus i pergl> 

intra-abdominal infections caused by £ coli, Klebsiella species (including K pneumoniae’), Streoto- 
coccus species (excluding enterococci), and Bacteroides species (excluding B distasonis, B ovatus, 
B thetaiotaomicron). 

Bone and joint infections caused by Staphylococcus aureus.” 

“Efficacy for this organism in this organ system was studied in fewer than ten infections. 

Specimens for bacteriological examination should be obtained in order to isolate and identify 
causative organisms and to determine their susceptibilities to cefotetan. ey may be instituted 
before results of susceptibility studies are known; however, once these results become available, the 
antibiotic treatment should be adjusted accordingly. 

In cases of confirmed or suspected gram-positive or gram-negative sepsis or in patients with other 
serious infections in which the causative organism has not been identified, it is possible to use CEFOTAN 
concomitantly with an aminoglycoside. Cetotetan combinations with aminoglycosides have been shown 
to be synergistic in vitro against many Enterobacteriaceae and also some other gram-negative bacteria. 
The dosage recommended in the labeling of both antibiotics may be given and depends on the severity 
of the infection and the patient's condition. 

NOTE: If CEFOTAN and an aminoglycoside are used concomitantly, renal function should be carefully 
monitored, especially if higher dosages of the aminoglycoside are to be administered or if therapy s 
prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglycosidic antibiotics. 
Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, it is possible that 
nephrotoxicity may be potentiated ifCEFOTAN is used concomitantly with an aminoglycoside. 
PROPHYLAXIS: The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean con- 
taminated or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, trans- 
urethral surgery, biliary tract surgery,.and gastrointestinal surgery). 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In pa- 
tients undergoing cesarean section, CEFOTAN should be administered intravenously after the clamping 
of the umbilical cord 

If there are signs and symptoms of infection, specimens for culture should be obtained for identifica- 
tion of the causative organism so that appropriate therapeutic measures may be initiated. 
CONTRAINDICATIONS 
A A R contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 
Before therapy with CEFOTAN is instituted, careful inquiry should be made to determine whether the 
patient has had | epee 4 pny reactions to c n disodium, cephalosporins, 
penicillins, or other drugs. This product should be given cautiously to penicillin-sensitive patients. 
Antibiotics should be administered with caution to any patient who has demonstrated some form of 
allergy, particularly to drugs. If an aliergic reaction to CEFOTAN occurs, discontinue the drug. 
Serious acute hypersensit reactions may require —a and other emergency measures. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 

um antibiotics); therefore, it is important to consider its diagnosis in patients who develop 
ea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit over- 
growth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
antibiotic-associated colitis. Cholestyramine and colestipol resins have been shown to bind the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be 
managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not re- 
lieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for anti- 
biotic-associated pseudomembranous cowtisproduced by C difficile. Other causes should also be considered. 
PRECAUTIONS 
GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Carefu! observation of the patient is essential. If superinfection 
does occur during therapy, appropriate measures should be taken. 

In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity. Those at risk include patients with renal or hepatic impairment or poor nutri- 
tional state, the elderly and patients with cancer. Prothrombin times should be monitored in patients at 
risk and exogenous vitamin K administered as indicated. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, par- 
ticularly colitis. 

INFORMATION FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 
characterized by flushing, sweating, headache. and tachycardia may occur when alcohol (beer, wine, 
etc.) is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 
Hi of alcoholic beverages following the administration of CEFOTAN. 
DRUG INTERACTIONS: Although to date nephrotoxicity nas not been noted when CEFOTAN was given 
alone, it is possible that nephrotoxicity may 9e potentiated if CEFOTAN is used concomitantly with an 
aminoglycoside. 

RATORY TEST INTERACTIONS: Æ faise positive reaction for glucose in urine may occur 
with Benedict's or Fehling’s solution. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
serum and urine creatinine levels by Jaffe reaction and produce false increases in the levels of 
creatinine reported. 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although lona-term studies in 
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developmentally analogous to late childhood and perae in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 
and spermatocytes; Sertoli and Leydig cells wera unaffected. Incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day (approximately 2-4 times the usual human dose) only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. 

Similar lesions have been observed in experiments of comparable design with other methylthiotetrazole- 
containing antibiotics and impaired fertility has baen reported, meee} at high dose levels. No 
testicular effects were observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or 
in infant dogs (3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. The relevance of these 
findings to humans is unknown. 

USAGE IN PREGNANCY: nancy Category B: Feproduction studies have been performed in rats 
and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired fertil- 
ity or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled studies in 
pregnant women. Because animal reproductive studies are not always predictive of human response, 
this drug should be used during pregnancy only if clearly needed. 
USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations. Cau- 
tion should be exercised when cefotetan is administered to a nursing woman. 
PEDIATRIC USE: Safety and effectiveness in children have not been established 
ADVERSE REACTIONS 
In clinical studies, the following adverse effects were considered related to CEFOTAN therapy 
Gastrointestinal symptoms occurred in 1.5% of patients; the most frequent were diarrhea (1 in 80) and 
nausea (1 in 700). 
Hematologic laboratory abnormalities occurred in 1.4% of patients and included eosinophilia (1 in 200), 

ositive direct Coombs test (1 in 250), and thrombocytosis (1 in 300). 

epatic enzyme elevations occurred in 1.2% of patients and included a rise in SGPT (1 in 150), SGOT 
(1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 
cho reactions were reported in 1.2% of patients and included rash (1 in 150) and itching 
(1 in 
Local effects were reported in less than 1.0% of patients and included phlebitis at the site of injection 
(1 in 300), and discomfort (1 in 500). During postmarkating experience with CEFOTAN, anaphylactic 
reactions and transient thrombocytopenia have been reported. 
DOSAGE AND ADMINISTRATION 
TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intva- 
muscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be deter- 
mined by the condition of the patient, severity of the infection, and susceptibility of the causative organism. 


o GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 





Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV-or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3 g every 12 hours IV 


“Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or potentially contaminated 
surgery in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be admin- 
istered as soon as the umbilical cord is clamped. 

IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 





DOSAGE GUIDELINES FOR PATIENTS 
WITH IMPAIRED RENAL FUNCTION 
Creatinine Clearance 
mL/min Dose Frequency 
>30 Usual Recommended Dosage” Every 12 hours 
10-30 Usual Recommended Dosage” Every 24 hours 
<10 Usual Recommended Dosage* Every 48 hours 


*Dose determined by the type and severity of infection, and susceptibility of the causative organism. 
Alternatively, the dosing interval may remain constant at 12 hour intervals, but the dose reduced to 
one-half the usual recommended dose for patients with a creatinine clearance of 10-30 mL/min, and 
one-quarter the usual recommended dose for patients with a creatinine clearance of less than 10 mL/min. 
When only serum creatinine levels are available, creatinine clearance may be calculated from the 
following formula. The serum creatinine level should represent a steady state of renal function. 


Weight (kg) x (140 - age) 


Males: laa EN REA GET HAT 
72 x serum creatinine (mg/100 mL) 


Females: 0.9 x value for males 

Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
end one-half the usual recommended dose on the day of dialysis. 
HOW SUPPLIED 
CEFOTAN is a dry, white to pale yellow powder supplied in vials containing cefotetan disodium equiv- 
aient to 1 g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1 gdose is 
available in 10 mL and 100 mL vials, and the 2 g dose is available in 20 mL and 100 mL vials. CEFOTAN 
is also available in a pharmacy bulk package of 10 g in 100 mL vials. The vials should not be stored at 
temperatures above 22°C and should be protected from light. 

1 g in 10 mL vial (NDC 0038-0376-10); 2 g in 20 mL vial (NDC 0038-0377-20); 1 g in 100 mL vial 
(NDC 0038-0376-11); 2 g in 100 mL vial (NDC 0038-0377-21); 10 g in *00 mL vial (NDC 0038-0375-10) 


Manufactured fnr 






Cefotan 
arithmetic. 


more cost- effective 
than cefoxitin“ 








less frequent dosing 
than cefoxitin” 





several times the half-life 
of cefoxitin” 





© single-dose prophylaxis! 
a twice-daily treatment 


Count on 






disodiun 


in intra-abdominal and gynecologic in 
due to indicated organisms 





References: 4. Nightingale CH, Smith KS, Quintiliani R, et al: The conversion of cefoxitin usage 
„Ani g 1988;1 55(5A): 


to cefotetan An interdisciplinary approach Am J Surg 491-102. 4: Sochaiski A, 
Sullman S, andnole VT: Cost-effectiveness study of -efotetan versus © foxitin and cefotete” 
versus comoination antibiotic regimens Am J Surg +988: 155(5A):96-101 3. CEFOTAN® 
(cefoteta? 4isocium) full prescribing information issued M rch 1986. 4. Physicians: Des« 
Reference, ed 43. Oradell, NJ, Medica! Economics Co, 1989 Mefoxin®™ (cefoxitin sodium, MSD), 
-eF 427 5. Carver M, Quintiliani R, nightingale GH: Comparative pharmacokinetic 
~ ha althy volunteers infect Surg, April 1986 (supp). 






Published by the American Medical Association Novenber 1989 
Volume 124, Number 11 


archives of 


Surgery 











ORIGINAL ARTICLES 


Primary Hyperparathyroidism Associated With Two Enlarged Parathyroid Glands 
Roses, Karp, Sudarsky, Valensi, Rosen, Blum 


Conservative Surgery With Radiation Therapy in Clinical Stage | and II Breast Cancer 
Haffty, Goldberg, Rose, Heil, Fischer, Beinfield, McKhann, Weissberg 


Pancreatic Cystadenoma Corbally, McAnena, Urmacher, Herman, Shiu 
Proximal Extrahepatic Bile Duct Tumors Fortner, Vitelli, Maclea 


Perforated or Gangrenous Appendicitis Treated With Aminoglycosides 
Dougherty, Saltzstein, Peacock, Mercer, Cano 


Frequency of Puncture injuries | in Surgeons and Estimated Risk of HIV Infection 
Lowenfels, Wormser, Jain 


ve 
Surgical Management of Pancreatic Lymphoma Mansour, Cucchiaro, Niotis, Fetter, 
; Moore, Rice, Branum, Meyers 


Pathogenesis of Candidiasis- | Podzorski, Herron, Fast, Nelson 


Risk Factors for Acute Pancreatitis in Patients With Migrating Gallstones Oria, 
Alvarez, Chiappetta, Fontana, lovaldi, Paladino, Bianchi, Frider 


Soft-Tissue Sarcomas of the Proximal Lower Extremity Karakousis, Emrich, Vesper 
Secondary Biliary Cirrhosis ~ Jeng, Shih, Chiang, Chen 


Neutropenia Complicating Parenteral Antibiotic Treatment of Infected Nonunion of 
the Tibia McCluskey, Esterhai, Brighton, Heppenstall 


Arteriovenous Fistulas After Cardiac Catheterization _ Glaser, McKellar, Scher 


Delayed Formation of Gallstones After Transcatheter Arterial Embolization for 
Hepatocellular Carcinoma Jeng, Chiang 


Severe Hypophosphatemia Following the Institution of Enteral Feedings Hayek, 
| Eisenberg 


Vitamin B, Levels in Patients With Carpal Tunnel Syndrome Fuhr, Farrow, Nelson 
Experimental Aortic Replacement With a Vascularized Tissue Graft Coltharp 


The Snapping Scapula in Association With the Thoracic Outlet Syndrome Wood, 
Verska 


Breast Masses in Young Women Ferguson, Powell 
CLINICAL NOTES 

Splenic Injury During Colonoscopy Gores, Simso 

Pancreatic Cystocholedochostomy Thompson, Demers, Lundy 


Massive Extracapsular Hemorrhage From a Parathyroid Cyst Simcic, McDermott, 
Crawford, Marx, Ownbey, Kidd 


Complete Contents p 1251 


VIM 


ni 


Nn 
lum/ Roche 


9 
Q 
P 
Q 
O 
- 
© 


Roce 
laxOone SO 


ceftr 





Please see adjacent page for summary of product information. 


Copyright © 1989 by Hoffmann-La Roche Inc. All rights reserved. 


ROCEPHIN® (ceftriaxone sodiumy/Roche) 
Before prescribing, please consult complete product information, a summary of which fellows: 


INDICATIONS AND USAGE: Rocephin is indicated for the treatment of the following infections when 
caused by susceptible organisms: 


LOWER RESPIRATORY TRACT INFECTIONS caused by Strep. pneumoniae, Streptococcus spe- 
cies (excluding enterococci), Staph. aureus, H. influenzae, H. parainfluenzae, Klebsiella species 
(including K. pneumoniae). E. coli, E. aerogenes, Proteus mirabilis and Serratia marcescens. 


SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus, Staph. epidermidis, Strep- 
tococcus species (excluding enterococci), E. cloacae, Klebsiella species (including K. pneumo- 
niae), Proteus mirabilis and Pseudomonas aeruginosa. 


URINARY TRACT INFECTIONS (complicated and uncomplicated) caused by E. coli, Proteus mir- 
abilis, Proteus vulgaris, M. morganii and Klebsiella species (including K. pneumoniae). 


UNCOMPLICATED GONORRHEA (cervical/urethral and rectal) caused by N2isseria gonor- 
rhoeae, including both penicillinase and nonpenicillinase producing strains. 


PELVIC INFLAMMATORY DISEASE caused by N. gonorrhoeae. 

BACTERIAL SEPTICEMIA caused by Staph. aureus, Strep. pneumoniae, E. coli, R. influenzae and 
K. pneumoniae. 

BONE AND JOINT INFECTIONS caused by Staph. aureus, Strep. pneumoniae Streptococcus 
species (excluding enterococci). E. coli, P. mirabilis, K. pneumoniae and Enterobacter species. 


INTRA-ABDOMINAL INFECTIONS caused by E. coli and K. pneumoniae. 


MENINGITIS caused by H. influenzae, N. meningitidis and Strep. pneumoniae. Ceftriaxone has 
also been used successfully in a limited number of cases of meningitis and shunt infections 
caused by Staph. epidermidis and E. coli. 


SURGICAL PROPHYLAXIS: Preoperative administration of a single 1 gm dose may reduce inci- 
dence of postoperative infections in patients undergoing surgical procedures classified as con- 
taminated or potentially contaminated (e.g., vaginal or abdominal hysterectomy) and in those for 
whom infection at the operative site presents serious risk (e.g., during Coronary artery bypass 
surgery). 

Although ceftmaxone has been shown to have been as effective as 
cefazolin in the prevention of infection following coronary artery by- 
pass surgery, no placebo-controlied trials have been conducted to 
evaluate any cephalosporin antibiotic in the prevention of infection 
following coronary artery bypass surgery. When administered be- 
fore indicated surgical procedures, a single 1 gm dose provides 
protection from most infections due to susceptible organisms for 
duration of procedure. 


SUSCEPTIBILITY TESTING: Before instituting treatment with 
Rocephin, appropriate specimens should be obtained for isolation 
of the causative organism and for determination of its susceptibil- 
ity to the drug. Therapy may be instituted prior to obtaining results 
of susceptibility testing. 

CONTRAINDICATIONS: Rocephin is contraindicated in patients with 
known allergy to the cephalosporin class of antibiotics. 


WARNINGS: BEFORE THERAPY WITH ROCEPHIN IS INSTITUTED, 
CAREFUL INQUIRY SHOULD BE MADE TO DETERMINE WHETH- 
ER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY RE- 
ACTIONS TO CEPHALOSPORINS. PENICILLINS OR OTHER 
DRUGS. THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO 
PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE 
ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS 
DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO 
DRUGS. SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY 
REQUIRE THE USE OF SUBCUTANEOUS EPINEPHRINE AND 
OTHER EMERGENCY MEASURES. 


Pseudomembranous colitis, reported with nearly all antibacterial agents, including ceftriaxone, may 
range in severity from mild to life-threatening. Therefore, consider this diagnosis in patients who present 
with diarrhea subsequent to administration of antibacterial agents. 


Treatment with antibacterial agents alters normal flora of the colon and may permit overgrowth 
of clostridia. Studies indicate a toxin produced by Clostridium difficile is one orimary cause of 
“antibiotic-associated colitis” 

After establishing diagnosis of pseudomembranous colitis, initiate therapeutic measures. Mild 
cases of pseudomembranous colitis usually respond to drug discontinuation alone. In moderate to 
severe Cases, consider management with fluids and electrolytes, protein supplementation and 
treatment with an oral antibacterial drug effective against C. difficile. 


Rarely, shadows suggesting sludge have been detected by sonograms of the gallbladder in 
asymptomatic and symptomatic patients. This appears to be reversible on discontinuation of ther- 
apy. In a few symptomatic patients receiving higher than usual doses, who underwent surgery, 
sludge containing traces of ceftriaxone was recovered from surgical specimens. Discontinue ther- 
apy in patients who develop signs or symptoms suggestive of gallbladder disease; consider con- 
servative management. 


PRECAUTIONS: GENERAL: Although transient elevations of BUN and serum creatinine have been 
observed, at the recommended dosages, the nephrotoxic potential of Rocephin is similar to that of 
other cephalosporins. 


Ceftriaxone is excreted via both biliary and renal excretion (see Clinical Pharmacology). Therefore, 
patients with renal failure normally require no adjustment in dosage when usual coses of Rocephin 
are administered, but concentrations of drug in the serum should be monitored periodically. If evi- 
dence of accumulation exists. dosage should be decreased accordingly. 


Dosage adjustments should not be necessary in patients with hepatic dysfunction; however, in pa- 
tients with both hepatic dysfunction and significant renal disease, Rocephin dosage should not ex- 
ceed 2 gm Gaily without close monitoring of serum concentrations. 


Alterations im prothrombin times have occurred rarely in patients treated with Rocephin. Patients 
with impaired vitamin K synthesis or low vitamin K stores (e.g., chronic hepatic disease and mal- 
nutrition) may require monitoring of prothrombin time during Rocephin treatment. Vitamin K ad- 
ministration (10 mg weekly) may be necessary if the prothrombin time is prolonged before or during 
therapy. 


Prolonged use of Rocephin may result in overgrowth of nonsusceptible organisms. Careful obser- 
vation of the patient is essential. If superinfection occurs during therapy, appropriate measures 
should be taken. 


Rocephin should be prescribed with caution in individuals with a history of gastrointestinal dis- 
ease, especially colitis. 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Carcinogenesis: Considering 
the maximum duration of treatment and the class of the compound, carcinogenicity studies with 
ceftriaxone in animals have not been performed. The maximum duration of animal toxicity studies 
was six months. 


Mutagenesis: Genetic toxicology tests included the Ames test, a micronucleus test and a test for 
chromosomal aberrations in human lymphocytes cultured in vitro with ceftriaxone. Ceftriaxone 
showed no potential for mutagenic activity in these studies. 


Impairment of Fertility: Ceftnaxone produced no impairment of fertility when given intravenously to 
rats at daily doses up to 586 mg/kg/day, approximately 20 times the recommended clinical dose 
of 2 gm/day. 

PREGNANCY: Teratogenic Effects: Pregnancy Category B. Reproductive studies have been per- 
formed in mice and rats at doses up to 20 times the usual human dose and have no evidence of 
embryotoxicity, fetotoxicity or teratogenicity. In primates, no embryotoxicity or ‘eratogenicity was 
demonstrated at a dose approximately three times the human dose. 

There are, however, no adequate and well-controlled studies in pregnant women. Because animal 
reproductive studies are not always predictive of human response. this drug should be used dur- 
ing pregnancy only if clearly needed 
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ic Effects: In rats, in the Segment | (fertility and general reproduction) and Pes Ul 
(perinatal and postnatal) studies with intravenously administered ceftriaxone, no adverse effects were 
noted on various reproductive parameters during gestation and lactation, including postnatal growth, 
functional behavior and reproductive ability of the offspring, at doses of 586 mg/kg/day or less. 


NURSING MOTHERS: Low concentrations of ceftriaxone are excreted in human milk. Caution 
should be exercised when Rocephin is administered to a nursing woman. 


PEDIATRIC USE: Safety and effectiveness of Rocephin in neonates, infants and children have been 
established for the dosages described in the Dosage and Administration section. /n vitro studies 
have shown ceftriaxone, like some other cephalosporins, can displace bilirubin from serum albu- 
min. Rocephin should not be administered to hyperbilirubinemic neonates, especially prematures. 


ADVERSE REACTIONS: Rocephin is generally well tolerated. In clinical trials, the following adverse 
reactions, which were considered to be related to Rocephin therapy or of uncertain etiology. were 
observed: 

LOCAL REACTIONS—pain, induration or tenderness at the site of injection (1%). Less frequently 
reported (less than 1%) was phlebitis after .V. administration. 

HYPERSENSITIVITY—rash (1.7%). Less frequently reported (less than 1%) were pruritus, fever 
or chills. 

HEMATOLOG/C—eosinophilia (6%), thrombocytosis (5.1%) and leukopenia (2.1%). Less frequent- 
ly reported (less than 1%) were anemia, neutropenia, lymphopenia, thrombocytopenia and prolon- 
gation of the prothrombin time. 

GASTROINTESTINAL—diarrhea (2.7%). Less frequently reported (less than 1%) were nausea or 
vomiting, and dysgeusia. Onset of pseudomembranous colitis symptoms may occur during or after 
antibiotic treatment (see WARNINGS). 


HEPATIC—elevations of SGOT (31%) or SGPT (3.3%). Less frequently reported (less than 1%) 
were elevations of alkaline phosphatase and bilirubin. 


RENAL—elevations of the BUN (1.2%). Less frequently reported (less than 1%) were elevations of 
creatinine and the presence of casts in the urine. 


CENTRAL NERVOUS SYSTEM—headache or dizziness were re- 
ported occasionally (less than 1%). 


GENITOURINARY—moniliasis or vaginitis were reported occa- 
sionally (less than 1%). 


MISCELLANEOUS—diaphoresis and flushing were reported oc- 
casionally (less than 1%). 


Other rarey observed adverse reactions (less than 0.1%) include 
leukocytosis, lymphocytosis, monocytosis, basophilia, a decrease 
in the prothrombin time, jaundice, gallbladder sludge, glycosuria, 
hematuria, anaphylaxis, bronchospasm, serum sickness, abdom- 
inal pain, colitis, flatulence, dyspepsia, palpitations and epistaxis. 


DOSAGE AND ADMINISTRATION: Rocephin may be administered in- 
travenously or intramuscularly. The usual adult dai'y dose is 1 to 
2 gm given once a day (or in equally divided doses twice a day) 
depending on the type and severity of the infection. The total daily 
dose should not exceed 4 grams. 

For the treetment of serious miscellaneous infections ir children, other 
than meningitis, the recommended total daily dose is 50 to 75 mg/kg 
(not to exceed 2 grams), given in divided doses every 12 hours. 
Generally, Rocephin therapy shouldbe continued tor at least two 
days after the signs and symptoms of infection have disappeared. 
The usual duration is 4 to 14 days; in complicated infections longer 
therapy may be required. 

In the treatment of meningitis, a daily dose of 100 mg/kg (not to ex- 
ceed 4 grams), given in divided doses every 12 hours, should be 
administered with or without a loading dose of 75 mg/kg. 

For the treatment of uncomplicated gonococcal infections, a single intramuscular cose of 250 mg 
is recommended. 


For preoperative use (surgical prophylaxis), a single dose of 1 gm administered 1/2 to 2 hours be- 
fore surgery is recommended. 

When treating infections caused by Streptococcus pyogenes, therapy should be continued for at 
least ten days. 

No dosage adjustment is necessary for patients with impairment of renal or hepatic function; how- 
ever, blood levels should be monitored in patients with severe renal impairment (e.g., dialysis pa- 
tients) and in patients with both renal and hepatic dysfunctions. 

HOW SUPPLIED: Rocephin (ceftriaxone sodium/Roche) is supplied as a sterile crystalline powder in 
glass vials and piggyback bottles. The fo lowing packages are available: 

Vials containing 250 mg, 500 mg, 1 gm or 2 gm equivalent of ceftriaxone; piggyback bottles con- 
taining 1 gm or 2 gm equivalent of ceftriaxone; bulk pharmacy containers containing 10 gm equiv- 
alent of ceftriaxone (NOT FOR DIRECT ADMINISTRATION). 

Also supplied as a sterile crystalline powder as foliows: 

ADD-Vantage Vials®* containing 1 gm or 2 gm equivalent of ceftriaxone. 

Also supplied premixed as a frozen iso-osmotic, sterile, nonpyrogenic solution of ceftriaxone so- 
dium in 50 mL single dose plastic containers, as follows: 


1 gm equivalent of ceftriaxone, iso-osmotic with approximately 19 gm dextrose hydrous, USP 
added. 


w 
IN 


2 gm equivalent of ceftriaxone, iso-osmotic with approximately 1-2 gm dextrose hydrous, USP 
added 


NOTE: Rocephin in the frozen state should not be stored above -20°C. 
*Registered trademark of Abbott Laboratories, Inc. 


tManufactured for Roche Laboratories, a division of Hoffmann-La Roche Inc., by Travenol Labo- 
ratories, Inc., Deerfield, Illinois 60015. rn 


Roche Laboratories 


a division of Hoffmann-La Roche Inc. 


340 Kingsland Street 
Nutley, New Jersey 07110-1199 
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Primary Hyperparathyroidism Associated 
With Two Enlarged Parathyroid Glands 


Daniel F. Roses, MD; Nolan S. Karp, MD; Laura A. Sudarsky, MD; Quentin J. Valensi, MD; 


Robert J. Rosen, MD; Manfred Blum, MD 


e An increasingly recognized although small percentage of 
patients with primary hyperparathyroidism have enlargement of 
two parathyroid glands. We have treated nine patients with pri- 
mary hyperparathyroidism associated with such double parathy- 
roid gland enlargement. In four of these patients, marked asym- 
metry of the two enlarged glands was noted and the failure to 
recognize and excise a second enlarged parathyroid gland re- 
sulted in persistent or recurrent hyperparathyroidism. In one of 
these patients, the second enlargement was present in a super- 
numerary mediastinal gland. The subsequent excision of the 
second enlarged parathyroid gland resulted in normocalcemiain 
each instance. This contrasts with five patients in whom initial 
excision of two enlarged glands resulted in normocalicemia with 
no recurrence of hypercalcemia. Only three patients fulfilled the 
histologic criteria of true double adenomas. The remainder 
showed multiglandular hypercellularity. This experience sup- 
ports identifying all parathyroid glands and recognizing that 
even minimal enlargement of a gland may be important patho- 
physiologically, regardless of its histopathologic classification. 
Excision of both enlarged glands, even if asymmetric, is 
appropriate. 

(Arch Surg. 1989;124:1261-1265) 


Ame the issues in the surgical management of primary 
hyperparathyroidism is the extent to which all parathy- 
roid glands should be identified and removed. This has been a 
focus of attention since the first successful operation for pri- 
mary hyperparathyroidism in the United States in 1982. At 
that time, Churchill located a mediastinal parathyroid adeno- 
ma in a patient after six unsuccessful exploratory procedures 
had been performed during which two parathyroid glands in 
the neck had been excised.’ The majority of patients with 
primary hyperparathyroidism have an adenoma of a single 
parathyroid gland composed predominantly of chief cells. 
Many have chief cell hyperplasia of all four glands, often with 
some asymmetry. A few patients have either water cell hy- 
perplasia or carcinoma. The histopathologic distinctions 
among these entities, as well as the more basic distinction 
between normal and abnormal parathyroid tissue, may be 
difficult. 

Harness et al’ and Verdonk and Edis” have described pa- 
tients with “multiple adenomas.” Such patients have more 
than one enlarged parathyroid gland while the other glands 
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are normal in size, no familial history of hyperparathyroid- 
ism, and their hypercalcemia is cured by removal of the 
enlarged parathyroid glands. However, accurate assessment 
at surgery of which glands are abnormal may be difficult. 
Asymmetric enlargement may occur when more than one 
parathyroid gland is adenomatous or when diffuse hyperpla- 
sia is present. When two glands are enlarged, ane may be 
markedly enlarged while another is minimally enlarged. This 
asymmetry may complicate the decision about the extent of 
surgery. 

We have reviewed our experience with nine patients in 
whom two parathyroid glands were enlarged to assess crite- 
ria that might be used in management when two parathyroid 
glands are enlarged. 


PATIENTS AND METHODS 


From January 1983 through September 1988, of 105 patients hav- 
ing exploratory neck surgery for primary hyperparathyroicism by 
the same surgeon (D.F.R.) at the New York (NY) University 
Medical Center, 9 patients (8.6%) had two enlarged parathyroid 
glands. In each instance, either both enlarged parathyroid glands 
were excised initially or the second gland was excised at reoperation. 
Preoperative localization studies varied —8 patients had high-resolu- 
tion real-time ultrasonography of the neck, 9 patients had computed 
tomographic scanning of the neck and superior mediastinum, and 6 
patients had subtraction scintigraphy with thallous chloride TI 201 
and technetium Te 99m sulfur colloid. There were 5 women and 4 men 
whose mean age was 55 years. All patients have been followed up for 
an average of 28.5 months, with a minimum follow-up of Gmonths. 


RESULTS 


The clinical, morphologic, and localization data of the nine 
patients are presented in the Table. 

Five patients (cases 2, 8, and 7 through 9) had excision of 
both enlarged parathyroid glands at the initial operation and 
have remained normocalcemic. 

Four other patients (cases 1 and 4 through 6) required a 
second operation. In two patients (cases 5 and 6), hyperpara- 
thyroidism recurred due to failure to remove a second slightly 
enlarged gland that coexisted with the large parathyroid 
adenoma excised initially. After an initial period ofmormocal- 
cemia, hyperparathyroidism recurred, and subsequent eval- 
uation in each patient suggested a hyperactive, enlarged 
parathyroid gland. In one patient (case 5) with recurrent 
hypercalcemia, selective venous catheterization 2 years after 
the initial operation demonstrated a gradient to the right- 
superior thyroid vein indicating parathyroid hormene hyper- 
secretion. At reoperation, a 0.90.3 x 0.2-em parathyroid 
gland was excised. The patient became normocaleemic and 
remains so 6 years later with a parathyroid hormone (C- 
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Clinical, Morphologic, and Localization Characteristics of Patients With Two Enlarged Parathyroid Glands 
No. of Glands Comrectly Located* 


1.4x08x0.3 
1.5x1.0x0.6 


2.0x1.0x0.7 
1.8 x0.7 x0.7 


1.5x0.8 x 0.2 
0.9 x 0.8 x 0.4 


2.3x1.5x0.5 
1.2x0.7 x0.2 


22x1.8x0.8 
0.9 x0.3x0.2 


2.0«1.7x0.5 
4.0«x25x2.0 


1.0x0.7x0.4 
1.2x0.5x0.4 


1.1k0.7x0.4 
0.6 x0.2x0.4 


1.5«1.2x0.5 
1.1x08x0.3 





Fig 1.—Right superior parathyroid adenoma (hematoxylin-eosin, orig- 
inal magnification x 48). 


terminal/midregion) level of 237 ng/L (normal, 50 to 
340 ng/L). In another patient (case 6), a biopsy specimen of 
the slightly enlarged gland showed a hypercellular pattern, 
but because the size was estimated as only 0.6 cm and because 
a considerably enlarged hypercellular gland measuring 
2.0 x 1.7 x 0.5 cm was excised, this smaller parathyroid gland 
was left intact. Nine years later when hypercalcemia re- 
curred, a computed tomographic scan of the neck showed a 
4.0-cm cystic mass in the right superior mediastinum adjacent 
to the tracheoesophageal groove approximately 2.0 cm above 
the carina. Thallium-technetium scintigraphy and sono- 
graphy did not confirm this finding. At reoperation, a 
4.0xX2.5x2.0-cm, cystic, hypercellular parathyroid gland 
was excised in this position, the same site of the parathyroid 
gland that had undergone previous biopsy. Hypocalcemia 
following this procedure stabilized in a normocalcemic range 3 
months later. 

In two other patients (cases 1 and 4), hypercalcemia per- 
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*DSS indicates digital subtraction scintigraphy with thallous chloride TI 201 and technetium T>99m sulfur colloid; US, ultrasonography; CT, computed tomography; 
SVC, selective venous catheterization; and DSA, digital subtraction angiography. 


sisted despite excision of a clearly enlarged parathyroid 
gland. n one patient (case 4), reoperation and excision of a 
second slightly enlarged gland on the third postoperative day 
resulted in normocalcemia, which persists 4 years later. In 
another patient (case 1), a second enlargement was demon- 
strated in a supernumerary mediastinal gland after excision 
of an enlarged cervical parathyroid gland, and histologic con- 
firmatien of three additional normal cervical glands failed to 
achieve normocalcemia. Excision of the mediastinal parathy- 
roid gland resulted in normocalcemia. 

Five patients (cases 3 through 6 and 8) had marked asym- 
metry cf the two excised glands; this asymmetry was defined 
as greacer than 0.5-cm difference in maximum diameter. In 
three ir stances (cases 3, 5, and 8) the second enlarged gland 
was less than 1.0 cm in maximal diameter. 

The findings in the three patients (caes 1 through 3) who 
fulfillec histologic criteria for true double adenomas with 
hyperp asia of the enlarged glands and biopsy specimens from 
the nornal-sized glands that showed normal parathyroid tis- 
sue are described. 


REPORT OF CASES 


CASE 1.—On routine examination, a 37-year-old man had hypercal- 
cemia. There was no history of renal calculi or skeletal disease, but he 
had become increasingly lethargic during the previous year. The 
parathy-oid hormone (C-terminal/midregion) level was 1226 ng/L. A 
computed tomographic scan, sonogram, and scintigram appeared 
normal. 

On admission to the hospital, his serum calcium level was 
3.74 mmol/L. At surgery, a right superior parathyroid adenoma was 
identified, as were three normal-appearing parathyroid glands in 
normal anatomic positions. The enlarged gland measured 1.4 x 0.8 
x0.3 cm. The histopathologic appearance was consistent with a 
diagnoss of parathyroid adenoma (Fig 1). 

Postoperatively, his calcium level remained elevated, with values 
as high as 3.70 mmol/L. Forty-eight hours later his neck was reex- 
plored. The three normal-appearing parathyroid glands were reiden- 
tified, underwent biopsy, and were confirmed histologically to be 
normal parathyroid tissue (Fig 2). Additional sites, including the 
superior mediastinum, the upper part of the neck, the retroesopha- 
geal space, and the carotid sheaths, were explored for possible ectop- 
ic paratayroid tissue. Postoperatively, the patient’s serum calcium 
level rernained elevated. 

A selective angiogram of the left internal mammary artery was 
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al view). A nypervascular mass within the mediastinum supplied by a 
branch off the left internal mammary artery is consistent with the 
presence of a parathyroid adenoma. 


next performed. This revealed a 1.0 x 1.3-cm oval mass in the superi- 
or mediastinum supplied by a branch of the left internal mammary 
artery (Fig 3). Mediastinal exploration through a median sternotomy 
was performed. An additional parathyroid gland measuring 
1.5 x 1.0 x 0.6 cm was excised from a position posterior to the phrenic 
nerve below the aortic arch. Histopathologic appearance was consis- 
tent with a diagnosis of nodular adenomatous hyperplasia. There 
were multiple adenomatous nodules within hypercellular parathyroid 
tissue (Fig 4). 
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Fig 2.— Biopsy fragments of normal parathyroid glands (rematoxylin- 
eosin, original magnification x 200). Top left, left superier gland; top 
right, right inferior gland; and bottom, left inferior gland. 
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Fig 4.—Adenomatous hyperplasia of the mediastina parathyroid 
gland (hematoxylin-eosin, original magnification x 80). 


Postoperatively, the serum calcium level came intc the normal 
range within 24 hours. Twenty months after surgery, the serum 
calcium level was 2.46 mmol/L with a parathyroid hormone level of 
120 ng/L. 

CASE 2.—A 49-year-old woman had a 25-year history of renal 
calculi. Serum calcium level was 2.70 mmol/L (normal, 2.16 to 
2.64 mmol/L). A parathyroid hormone radioimmunoassay (intact/mi- 
dregion) 726 ng/L (normal, 70 to 330 ng/L) and (C-terminal/midre- 
gion) 466 ng/L (normal, 60 to 450 ng/L). At surgery, all sour parathy- 
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roid glands were identified. The right inferior and the left superier 
parathyroid glands were enlarged. Both were excised, and the two 
normal parathyroid glands underwent biopsy. The right inferier 
gland was 1.8 x 0.7 x 0.2 em and histologically demonstrated a hyper- 
cellular pattern. The left superior gland was 2.0 x 1.00.7 em and 
also demonstrated a hypercellular pattern histologically. The biopsy 
specimens of the two normal-sized parathyroid glands showed normal 
parathyroid tissue. Postoperatively, the patient became normocalce- 
mic and remains so 4 years later. 

CASE 3.—A 64-year-old woman had a 10-year history of hypereal- 
cemia. Her most recent serum calcium level was 2.92 mmol/L (nor- 
mal, 2.22 to 2.36 mmel/L). A parathyroid hormone radioimmunoas- 
say (C-terminal/midregion) was 1123 ng/L (normal, 50 to 340 ng/L). 
One year previously she had vassed a renal stone. 

At surgical exploration of the neck, all four parathyroid glands 
were identified. The left superior parathyroid gland was clearly 
enlarged, and the right inferior parathyroid was slightly enlarged. 
The right superior and left inferior parathyroid glands were normal in 
size. The left superior parathyroid gland was excised, and the three 
other parathyraid glands underwent biopsy. The excised gland mez- 
sured 1.50.8 x 0.2 em, and histopathologic examination revealed 
chief cell hyperplasia. Histopathologic appearance of the biopsy spec- 
imen from the right inferior parathyroid gland also revealed chief cell 
hyperplasia, while the other two biopsy specimens showed normal 
parathyroid tissue. The remaining right inferior parathyroid gland 
was therefore excised. The right inferior gland measured 
0.9x 0.8 x 0.4 em. Postoperatively, the patient became normocalce- 
mic and remains so 9 months later. 


COMMENT 


The experiences described in this article highlight the in- 
creasing awareness that hyperplasia or neoplasia may affeet 
parathyroid glands unevenly and that failure to treat multi- 
glandular disease is a leading cause of failure after surgery for 
primary hyperparathyroidism.* Wells et al’ refer to 1-, 2-, 3-, 
or 4-gland disease to convey this broader spectrum of involve- 
ment. In addition, among the affected glands, marked asym- 
metry may present a difficult management problem to the 
surgeon compared with those instances in which two obvious- 
ly enlarged and twe obviously normal-sized glands are en- 
countered. The blurring of a clear distinction between norma! 
and abnormal glands is also conveyed in reports on so-called 
multiple adenomas. Harness et al’ reported a 1.7% incidence 
of multiple adenomas and also noted a 2.2% incidence of 
multiple adenomas among data collected on 1261 patients 
from eight separate reports. Likewise, Verdonk and Edis’ 
reported a similar incidence of 1.9% from the Mayo Clinie, 
Rochester, Minn, and Farnebo et al’ reported an incidence of 
“double adenomas” from the Karolinska Institute, Stock- 
holm, Sweden, of 3.7%. Wang and Rieder,’ however, have 
asserted that they have been unable to identify a case of this 
so-called double adenoma from those with primary hyper- 
parathyroidism treated at the Massachusetts General Hospi- 
tal, Boston, Mass, since 1958. They believe that such double 
adenomas reflect asymmetry of diffuse hyperplasia. While 
hypercellularity may be present in normal-sized glands in 
patients with a singie large adenoma, such hyperplasia is of 
minimal clinical importance.* Thus, distinguishing true dou- 
ble adenomas from asymmetric hyperplasia may require his- 
topathologic evaluation of all parathyroid tissue. Even if this 
were possible, it would be of limited clinical meaning. More 
meaningful is whether removal of only a single markedly 
enlarged parathyroid gland in the presence of one or more 
normal- or near-normal-sized parathyroid glands reliably 
leads to a cure of primary hyperparathyroidism. If so, then 
identification of only a single enlarged parathyroid gland and 
one normal parathyroid gland would be sufficient at surgery. 
Since, however, a second slightly enlarged parathyroid gland 
may be pathophysiologically significant, even if much smaller 
than the obvious adenoma, then identification of all four para- 
thyroid glands and removal of any that are even slightly 
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enlarged would be optimal to ensuring cure. Our experience 
would support the validity of this approach. In three patients, 
failure to remove the second slightly enlarged parathyroid 
gland resulted in persistent or recurrent hyperparathyroid- 
ism. Insone of these patients, failure to remove a parathyroid 
gland that was appreciated at the time of surgery as slightly 
enlarged and demonstrated by biopsy to be hypercellular 
resulted in the development of a very enlarged cystic parathy- 
roid adenoma during the subsequent 9 years. In each patient, 
removal of the second enlarged gland resulted in 
normocalcemia. 

Gross morphologic characteristics may not be reliable indi- 
cators of parathyroid function or structure. While most inves- 
tigatars would consider 40 mg as the upper limit for the 
weight of a normal parathyroid gland, Wang’ has found some 
weighing as much as 78 mg. Edis et al” have also shown that 
such slightly enlarged parathyroid glands, weighing as much 
as 70 mg, are not necessarily physiologically overactive. Even 
if a maximal diameter of 0.6 cm is considered the upper limit of 
normal, Wang and Rieder’ had reported supposedly normal 
glands as large as 1.2 cm. Conversely, reports by Rasbach et 
al" and Liechty et al” noted that adenomas may be as small as 
0.6 cm or less in diameter. Liechty et al” also suggest that 
such a small adenoma may have a more spherical shape than a 
normal parathyroid gland. 

The assessment of function of a minimally enlarged para- 
thyroid gland using histologic criteria may also be unreliable. 
Monchik et al demonstrated a correct functional assessment 
of only 60% for sections from 10 slightly enlarged parathyroid 
glands. Certainly this was our experience. Our patients dem- 
onstrated a spectrum of histopathologic changes. In one case, 
although the second enlarged gland, which measured 
0.9 0.80.2 cm, had a predominantly normocellular pat- 
tern, its removal effected a return to normocalcemia that 
persists6 years after surgery. In another patient, a markedly 
enlarged gland had a predominently normocellular pattern, 
while the second enlarged gland and biopsy fragments of the 
two normal-sized glands were hypercellular histologically. In 
another patient, all four parathyroid glands, both the promi- 
nently enlarged and slightly enlarged glands and the biopsy 
fragments of the two normal glands, demonstrated a hyper- 
cellular pattern. Removal of the two enlarged glands effected 
a return to normocalcemia, although biopsy of the small 
glands may have contributed to this result. Only three cases 
in our group conformed to histologic criteria for double adeno- 
mas with hyperplasia of the enlarged glands and biopsies of 
the normal-sized glands that showed normal parathyroid tis- 
sue. Even in these cases, however, the distribution of fat cells 
may have been uneven within a gland, making the accurate 
histopathologic assessment of a biopsy fragment difficult. “ 

The patient with a mediastinal second adenoma confirms 
the coexistence of two unusual, although well-described, ana- 
tomic and pathologic variants of primary hyperparathyroid- 
ism. The existence of supernumerary parathyroid glands has 
certainly been well-described, with an incidence reported in 
the range of 2%’ to 6%." A majority of such glands have been 
found in the superior mediastinum.” The finding of one of 
the two adenomas arising in a supernumerary gland in case 1 
has been reported only once before in a review of five patients 
with multiple adenomas by Harness et al.” Our case confirms 
that this pattern may occur and contribute to persistent 
hyperparathyroidism after removal of a single adenoma and 
identification of three normal parathyroid glands. In the pa- 
tient we describe, noninvasive localizing procedures failed to 
identify either adenoma. Selective angiography delineated 
precisely the enlarged parathyroid gland in the mediastinum. 
The success of this technique in localizing a mediastinal para- 
thyroid adenoma has been reported previously.” Doppman et 
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al,” in a report on their experience with mediastinal parathy- 
roid glands, described as well the need to use a mediastinal 
approach in instances where such glands receive their arterial 
supply from the internal mammary artery. 

The unreliability of noninvasive localizing studies, particu- 
larly for identifying multiple enlarged or ectopically located 
glands, has been previously reported. In an earlier study,” we 
noted that the sensitivity of noninvasive techniques in cor- 
rectly localizing abnormal glands was 49% for thallium-tech- 
netium scintigraphy, 41% for computed tomographic scan, 
and 34% for ultrasonography. None of the five patients in our 
study with multiple parathyroid gland enlargement were 
identified accurately by any noninvasive study. Miller et al” 
likewise reported similar results in attempts to localize abnor- 
mal glands using noninvasive tests in patients who had had 
previous surgery for hyperparathyroidism. However, in a 
study of invasive localizing techniques in patients who had 
undergone previous exploratory surgery, Miller et al” found 
that conventional angiography and selective venous sampling 
were more sensitive and specific than noninvasive studies. 
Using these two techniques in combination, localization was 
possible in 95% of cases. 


CONCLUSION 


Our experience supports the observation that histologic 
pattern and size may not be reliable for determining the 
physiologic importance of any given parathyroid gland at 
surgery. It also suggests that no clear correlation exists 
between the volume of abnormal tissue and the biochemical 
manifestations of primary hyperparathyroidism. Recent ef- 
forts to measure intraoperatively parathyroid hormone™ and 
urinary cyclie adenosine monophosphate levels” may allow 
more precise titration of the volume of excised parathyroid 
tissue needed to achieve cure of hyperparathyroidism. Until 
then, our experience supports the appropriateness of identi- 
fying all four parathyroid glands at initial exploratory neck 
surgery, whenever possible. When two glands are enlarged, 
excision of both, even if they are notably asymmetric and the 
smaller of the two is only minimally enlarged, is appropriate. 
While normal parathyroid glands may be “large” and parathy- 
roid adenomas “small,” the surgeon should recognize that any 
enlargement of a parathyroid gland, even in the presence of a 
markedly enlarged parathyroid adenoma, may have patho- 
physiologic importance. 
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Streptokinase vs Heparin for Deep Venous Thrombosis: Can Lytic Therapy Be Justified? 


Jaan Sidorov, MD 


Lytic therapy, most notably streptokinase, holds great promise in the treatment of acute deep venous 


thrombosis. In 19 published trials, this form of lytic therapy has been shown to be associated with greater 
venous valvular and venous patency preservation, implying better short-term and long-term outcome 
Unfortunately, closer examination of the data reveals several flaws, including overreliance on venogram data 
and lack of adequate long-term follow-up. Streptokinase, as well as other forms of lytic therapy, has now 
gained widespread acceptance in the treatment of acute deep venous thrombosis, and, until better data 
become available, such reluctance seems justified (Arch Intern Med. 1989;149:1841-1845). 
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Conservative Surgery With Radiation 
Therapy in Clinical Stage I and II 


Breast Cancer 


Results of a 20-Year Experience 


Bruce G. Haffty, MD; Neal B. Goldberg, MD; Marie Rose, PA; Barbara Heil, PA: 
Diana Fischer, PhD; Malcolm Beinfield, MD; Charles McKhann, MD; Joseph B. Weissberg, MD 


è Conservative surgery and radiation therapy have been 
increasingly utilized at Yale-New Haven (Conn) Hospital since 
the 1960s. This analysis represents our experience from 1962 
to 1982, with a total of 281 patients having a minimum 
assessable follow-up of five years and a median follow-up of 
7.4 years. Five- and ten-year actuarial survivals were 83% and 
67%, respectively. The actuarial breast recurrence-free rate 
was 91% at five years and 80% at ten years. Of 31 patients 
having recurrences in the breast alone, the actuarial five-year 
survival following recurrence was 48%. Twenty-eight (90%) of 
these 31 recurrences were salvageable with mastectomy or 
repeated wedge resection. Patients experiencing an early 
breast recurrence (less than three years) following initial 
treatment had a poorer prognosis than patients having recur- 
rences later. 

(Arch Surg 1989;124:1266-1270) 


je tumor excision followed by radiation therapy is 
being increasingly utilized as an alternative to mas- 
tectomy in breast cancer. Several retrospective trials as 
well as prospeetive randomized trials in Europe and the 
United States have shown conservative treatment to be 
equally as effective as mastectomy.’? Local control and 
good cosmetic results are achieved in a high percentage of 
patients. 

While both survival and disease-free survival have been 
shown to be comparable in patients treated with mastec- 
tomy or with limited surgery and radiation therapy, the 
natural history and prognosis of local recurrences following 
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conservetive treatment differs markedly from local recur- 
rences following mastectomy.**" It appears that recur- 
rences in the conservatively treated breast occur at a 
relatively constant rate of 1% to 2% per year, and the 
majority of patients who have relapses can be successfully 
salvaged with mastectomy or with repeated wedge resec- 
tion."* Treatment with conservative surgery and radical 
radiatior therapy was started at Yale-New Haven (Conn) 
Hospital in the 1960s. This has allowed a sufficient follow- 
up time to document the survival and natural history of 
local recarrences in patients conservatively treated at a 
single institution with a relatively uniform treatment 
technique. The following analysis represents our experi- 
ence at Yale-New Haven Hospital over a 20-year time 
period from 1962 to 1982 in selected patients treated with 
conservative surgery and radiation. 


PATIENTS AND METHODS 


The charts of all patients treated with conservative surgery and 
radical radiation therapy between 1962 and 1982 at Yale-New 
Haven Hospital were reviewed. There were a total of 278 patients, 
with three patients having bilateral tumors, for a total of 281 
breasts treated. Follow-up was obtained as of January 1987, which 
resulted im a minimum assessable follow-up of five years and a 
mean follow-up of 8.36 years, with 87% of the alive patients having 
been seen within two years. The median age of the population was 
54 years, with a range of 20 to 84 years. Patients were clinically 
staged in accordance with the American Joint Committee/Union 
Internationale Contre le Cancer guidelines. The staging was 
primarily mfluenced by the clinical size of the primary tumor 
since only 12 patients had clinically palpable axillary nodes. Of 
the 278 patients, 65% had clinical stage I while 35% had clinical 
stage II. The characteristics of the patient population are given 
in Table 1. 

The conservative surgical technique generally employed exci- 
sional biopsy of the breast mass. There was considerable variability 
in'the extent of surgery, owing to the different technical ap- 
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Table 1.—Patient Population* (N = 281) 


Characteristic Frequency (%) 


Age at diagnosis, y 
<50 

















105 (37) 

>50 176 (63) 
Laterality 

Bilateral 3 (1) 

Unilateral 278 (99) 
Location in breastt 

Indeterminate 25 (9) 

UOQ 135 (48) 

UIQ 47 (17) 

LOQ 25 (9) 

LIQ 20 (7) 

Central 29 (10) 
Clinical stage 

| 183 (65) 












iI 98 (35) 





*The median age of the population was 54.4 years. The mean follow-up 
was 8.36 years (median follow-up, 7.46 years). 

tUOQ indicates upper outer quadrant; UIQ, upper inner quadrant; LOQ, 
lower Outer quadrant; and LIQ, lower inner quadrant. 


Table 2.— Treatment Characteristics* (N = 281) 


Treatment Frequency (%) 


Surgery: axillary dissection 
Unknown 
No 
Yes 


Adjuvant chemotherapy 
Unknown 


No 
Yes 
Adjuvant hormonal therapy 
Unknown 
No 
Yes 


*Median radiation therapy doses were as follows: tangential, 48 Gy; cone 
down, 16 Gy; total breast, 64 Gy; and supraclavicular/intramuscular, 48 Gy. 


Table 3.— Status as of January 1987* 


Status Frequency (%) 


Alive 217 (77) 
Dead 62 (22) 
Unknown 2 (1) 
Failure 

Breast alone 

Breast with distant metastases 





31 (11.0) 
4 (1.4) 
Nodes 13 (4.6) 


Distant metastases 41 (14.5) 


*Seventy-seven percent of the patients were alive with a mean follow-up 
of 8.4 years (median follow-up, 7.4 years). 





proaches of the referring surgeons. Although there was no specific 
attempt to obtain free surgical margins, the surgical specimen 
generally contained a rim of normal breast tissue around the 
tumor. Since axillary dissection was not routinely employed prior 
to 1982, only 59 patients (21%) underwent axillary dissection in 
this series. 

The radiation therapy technique generally encompassed treat- 
ment to the involved breast and regional lymph nodes. The breast 
was irradiated with external beam megavoltage photons to a 
median dose of 46 Gy over four to five weeks. The internal 
mammary nodes were treated with alternating photons and elec- 
trons to approximately 48 Gy at 3 em while the supraclavicular 
and axillary regions were generally treated with a single anterior 
field at a depth of 3 cm to approximately 48 Gy. The area of the 
primary tumor then received an additional 10- to 20-Gy boost with 
an electron field in the majority of cases. The total median dose 
to the tumor bed was 64 Gy. Adjuvant chemotherapy or hormonal 
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Table 4.— Actuarial Survival Statistics 


N 5 y, % 10 y % 












Overall survival 
All patients 


Stage | 185 
Stage Il 


Breast recurrence- 
free rate 
All patients 


185 93 85 
Stage | 8 z } i 
Stage II 


Survival following 

breast recurrence 
Breast-only 

recurrence 



































*NS indicates not significant. 





Fig 1.—Actuarial survival of total patient population (N = 281). 


therapy was utilized in only 14% of the patient population. Table 
2 gives the treatment characteristics of the entire population. 


RESULTS 


As of January 1987, seventy-seven percent o° the patients 
were alive with a mean follow-up of 8.4 years end a median 
follow-up of 7.4 years. Crude statistics reveaied a total of 
35 breast failures. Four of these failures ocearred simul- 
taneously with distant metastases while 31 of them oc- 
curred as the sole site of recurrence. There were 13 nodal 
failures and 41 distant metastases in this retrospective 
analysis. Tables 3 and 4 list the status end survival 
statistics of the 281 patients. The overall survival of the 
patient population was 83% at five years and 67% at ten 
years. In patients with clinical stage I, the fve- and ten- 
year survival was 91% and 75%, respectively, and for 
clinical stage II, the five- and ten-year survivals were 68% 
and 57%, respectively. The breast recurrence-*ree rate was 
91% at five years and 80% at ten years for the total 
population. Figures 1 and 2 show the actuarial survival 
data and the breast recurrence rate of the total population, 
and Figs 3 and 4 show the survival curves broxen down by 
clinical stage. While survival was significant y better for 
patients with clinical stage I, the breast recurrence rates 
were not significantly different between patients with 
clinical stage I and IT. 
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Fig 2.—Breast recurrence-free survival of total patient population 
(N=281). 


Breast Recurrence-Free Survival 





Fig 3.—Actuarial survival broken down by stage. Open circles 
indicate stage | (N= 183); closed circles, stage II (N= 98). 


We further analyzed the 31 patients who had recurrences 
in the breast alone as the first site of recurrence with 
respect to the location of recurrence, the method of 
detection, and the salvage treatment. Twenty-three of the 
31 patients underwent mammography at the time of detec- 
tion. Detection was by mammography only in eight of the 
31 patients. Detectien was by physical examination only in 
eight of the 31 patients and was reported positive by both 
physical examinatien and mammography in 15 of the 
patients. The recurrence was noted to be at or near the 
original tumor location in 21 (67%) of the patients while it 
appeared to be distinctly removed from the original location 
in 10 (33%) of the breast recurrences. At the time of 
recurrence 28 (90%) of the 31 recurrences were believed to 
be resectable. Twenty-five patients underwent salvage 
mastectomy, two patients underwent repeated lumpec- 
tomy, and one patient had a biopsy done but refused 
further treatment. The other three patients with breast- 
only recurrences were believed to have surgically unresec- 
table tumors and underwent biopsy and hormonal manip- 
ulation. Fifteen patients underwent axillary dissection at 
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Fig 4.—Breast recurrence-free survival broken down by stage. 
Open circles indicate stage | (N= 183); closed circles, stage Il 


(N =98). 


Table 5.— Characteristics of 31 Breast Recurrences* 


Characteristic Frequency (%) 


Original T stage 
T1 


T2 
Location of recurrence 
Original site 
Elsewhere 
Method of detection 
Physical examination alone 
Mammogram alone 
Physical examination and mammogram 
Salvage therapy 
Mastectomy 
Repeated lumpectomy 
Biopsy only 
Adjuvant therapy at recurrence 
None 
Chemotherapy 
Hormonal 





*The mean time to recurrence was 3.67 years. 


the time of their recurrences and five (83%) of these 15 
patients had positive axillary nodes. Five of the 31 patients 
with recurrences underwent adjuvant chemotherapy at the 
time of recurrence and five patients underwent adjuvant 
hormonal therapy at the time of recurrence. The mean 
follow-up time after local failure was 5.06 years. Table 5 
shows the clinical features and salvage of the 31 breast 
failures. The actuarial five-year survival following breast- 
only recurrence was 48%. Eighteen (58%) of these 31 
patients remain alive without evidence of disease, eight 
patients were dead with disease, four patients remain alive 
with disease, and one patient is dead without evidence of 
disease. The outcome of the breast-only recurrences is 
given in Table 6. Figure 5 shows the actuarial survival 
following recurrence in the breast. 

Of some interest is the observation that patients who 
sustained an early local recurrence (less than three years) 
following initial treatment appear to have a poorer prog- 
nosis than patients who sustained recurrences later. As 
demonstrated in Table 6, only four patients (31%) who had 
recurrences less than three years following conservative 
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Table 6.— Outcome of Breast Recurrences* 





Subsequent Subsequent 
Distant Local Status,t 
Failure Failure No. (%) 



















All patients (N = 31) ANED, 18 (58) 
AWD, 4 (12) 
DWD,8 (26) 







DNED,1 (4) 


ANED, 4 (31) 
AWD,2 (15) 
DWD,6 (46) 
DNED, 1 (8) 
ANED, 14 (78) 
AWD,2 (11) 
DWD,2 (11) 










Breakdown by time 
to recurrence, y 
<3 (N=13) 
















>3(N=18) 2 2 







*Mean follow-up was 5.06 years following recurrence. 

tANED indicates alive with no evidence of disease; AWD, alive with 
disease; DWD, dead with disease; and DNED, died with no evidence of 
disease. 


treatment are alive without evidence of disease, while 14 
patients (78%) who had recurrences later than three years 
are alive without disease. The mean follow-up time was 
similar between the two groups. One may speculate that 
those patients who sustained recurrences earlier had 
biologically more aggressive tumors. Because only a lim- 
ited number of patients had axillary dissections and most 
patients did not have the status of margins routinely 
analyzec, we cannot comment on how the pathologic status 
influeneed the time to recurrence. It does appear, however, 
that a slightly larger proportion of earlier recurrences 
were T2 tumors, as shown in Table 7. Furthermore, in a 
previous review from this institution, it was shown that 
patients with T2 tumors and tumor necrosis in the specimen 
had a poorer disease-free and overall survival. We are 
currently in the process of a detailed pathologic analysis 
that will serve as the basis of a future publication. As 
shown in Table 7, there did not appear to be any predictable 
association between the time to local failure and the 
location of the failure. 


COMMENT 


Conservative surgery and radiation therapy are becom- 
ing increasingly utilized as a treatment modality for breast 
carcinoma. Several institutions have published both retro- 
spective and prospective data that have shown the survivor- 
ship of patients conservatively treated to be equivalent to 
those treated with modified radical mastectomy. +" The data 
on the natural history of recurrence in the conservatively 
treated breast, however, are just now becoming available 
since the number of institutions treating patients with 
conservative surgery and radiation therapy for a sufficient 
follow-up is limited.*** At Yale-New Haven Hospital we 
have been able to accumulate a total of 278 patients treated 
prior to 1982 who have a minimum assessable follow-up of 
five years and a median follow-up of 7.4 years. The breast 
recurrence-free survival of 91% at five years in our study 
is in agreement with other institutions where 1% to 2% 
per year breast recurrence rates in patients with stage I 
and II disease have been documented.‘ There is some 
evidence that this recurrence rate may taper off after 15 
years. We have found that the majority of these recur- 
rences appear to be at or near the primary site, which 
confirms the data presented in other series.*"! In addition, 
we have demonstrated the importance of mammography in 
detection since nearly eight (25%) of the recurrences were 
detected by mammography alone. The importance of mam- 
mography in early detection is further emphasized by the 
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Fig 5.— Survival following breast recurrence (N = 31). 


Table 7.— Recurrences 
Time to Failure, y 
— a 
<3 >3 









fact that all of these patients with recurrences.detected by 
mammography alone subsequently underwent salvage 
mastectomy and seven of eight remain alive without evi- 
dence of disease. 

The prognosis of patients with recurrences in the breast 
alone following conservative surgery and radiation therapy 
has been reported to be favorable when compared with 
local chest wall recurrences following mastectemy.®*° The 
five-year survival of 48% following breast-only recurrence 
reported herein is in agreement with others.**" At a mean 
follow-up of 5.06 years following local failure, distant 
metastases were documented in 33% of 31 patients who 
had local recurrences. 

The majority of our patients who sustained recurrences 
in the breast were successfully salvaged with mastectomy 
(25 patients) or repeated wedge resection (two patients). 
Only two of these patients subsequently had local failure. 
Since only two of our patients underwent repeated wedge 
resection at the time of recurrence, we cannot adequately 
comment on this as an alternative to salvage mastectomy. 
It should be noted, however, that both of these patients 
continue to have their breast cancers locally controlled, 
and others have shown repeated wedge resection to be a 
viable alternative to salvage mastectomy in seleeted pa- 
tients. 

We are unable to comment on the role of adjuvant 
systemic therapy at the time of recurrence since the 
majority of our patients (68%) had no adjuvant therapy at 
the time of recurrence. In our experience, however, 61% of 
patients who sustained recurrences less than three years 
following conservative treatment subsequently had fail- 
ures, while only 23% of patients who sustained recurrences 
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more than three years following conservative treatment 
subsequently had failures. One may speculate that those 
patients with early recurrences have biologically more 
aggressive tumors and may therefore benefit from systemic 
treatment. The poorer prognosis of early failure has also 
been reported by others. 

We conclude that conservative treatment of early-stage 
breast cancer with limited resection and radiation therapy 


is a viable alternative to mastectomy. Local recurrences in 
the treated breast have a protracted clinical course with a 
local recurrence rate of 1% to 2% per year. Those patients 
experiencing a recurrence in the breast alone have a high 
salvage rate with mastectomy and a realistic probability of 
long-term survival. Patients who experience breast failures 
early following conservative treatment may benefit from 
adjuvant systemic therapy. 
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Mortality in Elderly Patients With Thermoregulatory Failure 
Mordechai R. Kramer, MD; Jehuda Vandijk, MD; Arnold J. Rosin, MD 


Fifty-four elderly patients with thermoregulatory failure were evaluated retrospectively. The most 
commonly associated cause was underlying sepsis, which occurred in 78% of cases. Underlying conditions 
that increased the incidence of hypothermia were hypoproteinemia (50%), cachexia (30%), and neuroleptic 
medications (21%), most commonly thioridazine. Digoxin toxicity was a common finding (20% of all cases). 
One third of the patients developed hypothermia in warm months and half of them developed it while in the 
hospital. Patients who presented with hypothermia from out of the hospital had lower temperatures, were 
more bradycardic and hemoconcentrated, and died more rapidly than the in-hospital group. This could be 
explained by lower outside temperature or delay in diagnosis and treatment of the underlying disease. The 
overall mortality rate was extremely high (74%) in both groups. The mortality rate was not affected by age, 
sex, or degree of hypothermia. We conclude that thermoregulatory failure in the elderly can occur in warm 
as well as eold environments or climates. The development of hypothermia in elderly patients should be 
promptly treated as sepsis unless proven otherwise, in light of the poor prognosis of this condition (Arch 


Intern Med. 1989;149:1521-1523). 
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Pancreatic Cystadenoma 


A Clinicopathologie Study 


Martin T. Corbally, MD; Oliver J. McAnena, MD; Carlos Urmacher, MD; Bob Herman, MD; Man H. Shiu, MD 


è A retrospective study of 19 patients with pancreatic cysta- 
denoma Included 15 patients with microcystic and 4 with mucin- 
ous cystadenomas. The typical clinical presentation was that of 
an elderly woman with an upper abdominal mass. An association 
with diabetes mellitus and extrapancreatic malignant disease 
was noted. Total tumor resection provided the best chance of 
cure and removed the risk of compression of adjacent organs 
and, in mucinous cystadenomas, the risk of malignant 
transformation. 

(Arch Surg. 1989;124:1271-1274) 


Peeeretc cystadenoma is a rare disease accounting for 
less than 10% of all pancreatic cysts.'* To date more than 
300 cases have been reported in the literature.’ Routine use of 
computed tomography (CT) has increased the frequency of 
diagnosis of cystic tumors of the pancreas. However, despite 
increased clinical awareness of this entity, it continues to be 
confused with its malignant counterpart and to present diag- 
nostic and therapeutic challenges to the surgeon. Accurate 
diagnosis is important because of the different treatment 
options for benign and malignant pancreatic disease and the 
malignant potential of mucinous cystadenoma. We report on 
19 benign pancreatic cystic lesions treated at Memorial Sloan- 
Kettering Cancer Center, New York, NY, in the last 26 
years. 


PATIENTS AND METHODS 


A retrospective review was performed of all patients with a histo- 
logic diagnosis of pancreatic cystadenoma treated at our institution 
between 1959 and 1985. Data were obtained from patients, charts, 
and the hospital's computerized tumor registry. Incidental discovery 
at laparotomy or autopsy did not preclude inclusion in the study. 
Direct communication with the patient or the family was established 
for follow-up. Histologic material was reviewed by an independent 
histopathologist. The mean follow-up time was 3.9 years, with a 
range of 2 months te 19 years. Two patients were unavailable for 
follow-up. | 


RESULTS 


A total of 19 patients witha recorded histologic diagnosis of 
pancreatic cystadenoma were identified. Pathologie review of 
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the histologic slides revealed 15 microcystic and 4 mucinous 
cvstadenomas. The male-female ratio was 6:13 (Table), witha 
median age at presentation of 65.5 years (range, 56 to 91 
years). 


Symptoms and Signs 


Typically the presenting symptoms were vague, and 37% 
(7/19) of the patients were asymptomatic, including 5 whose 
tumors were discovered at autopsy. An upper abdominal 
mass was present in 9 patients, most eommonly in the left 
upper quadrant, and in 3 of the 9 it was associated with pain. 
Two patients had a history of melena ultimately shown to be 
unrelated to their pancreatic disease. Two patients had jaun- 
dice, and 2 patients had weight loss. The pancreatic lesion was 
associated with maturity-onset diabetes in 5 patients (26%) 
and with other extrapancreatic neoplastic processes in 12 
patients (63%) (Table). One patient had Von Hippel—Lindau 
disease (hemangioblastomas of the cerebellum, kidney, liver, 
and pancreas). 


Preoperative Evaluation 


Computed tomography was the most useful diagnostic tool 
in the evaluation of these cystic lesions of the pancreas. 
However, this was unavailable for the earlier period of this 
study, when a variety of diagnostic tests were used that 
generally failed to give an accurate preoperative diagnosis. Of 
the seven CT seans nerfortied in this series, six demonstrated 
a cystic pancreati¢ tumor (Fig 1). However, CT could not 
differentiate pseudocyst from cystadenoma in any case, al- 
though the pattern of peripheral calcification is typical of 
cystadenoma.* Plain abdominal roentgenograms showed pan- 
creatic calcification in four patients, and upper gastrointesti- 
nal tract barium studies were useful in two patients in whom 
duodenal loop widening and gastric displacement were found. 
Angiography was performed in four patients and showed 
abnormal vasculature (Fig 2) in three. A percutaneggs fieedle 
aspiration and biopsy were performed imone patient, and the 
results were suggestive of malignant cells. This patient sub- 
sequently underwent a distal pancreatectomy for a microcys- 
tic adenoma in the tail of the pancreas. Endoscopic retrograde 
cholangiopancreatography was done in three patients and the 
result was abnormal in two, showing a displaced common duct 
in one and a pancreatic duct stricture in the other. Communi- 
cation with the cyst was not identified in any patient with the 
use of this investigation. 
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Clinicopathologic Features, Treatment, and Outcome of Pancreatic Cystadenomas 








Pathologic 


Pancreatic Size, 
Site cm 






Symptoms 





Associated 
Diseases 


Treatment 








Follow-up Status 


Survival 


1/M/59 Microcystic Head 10 Jaundice Jaundice 
2/M/91 Microcystic Body 6 Nausea, pain Mass, 
and tail mobile 
3/M/81 Microcystic 11 Melena Mass 
and neck 
4/M/53  ~Microcystic Head 2 Pain None 
5/F/74 Microcystic Tail 14 Weightloss None 
6/F/73 Microcystic Tail 6 Melena None 
7/F/79  Microcystic Head Mass, weight Jaundice, 
loss biliary 
fistula 
8/F/63 Microcystic Head 15 Pain Mass, 
-j and body fixed 
9/F/56 Microcystic Tail 12 Fever Mass 
| 
10/F/62 Microcystic Head 2 None None 
11/F/65 Microcystic Head 12 None None 
12/F/68 Microcystic Tail 3 None None 
13/F/72 Microcystic Head 2 Autopsy inci- 
denta! find- 
ing 
14/F/65 Microcystic Tail 11 Autopsy inci- 
dental find- 
ing 
15/M/58 Microcystic Head 2 Autopsy inci- 
dental find- 
ing 
16/F/66 Mucinous Tail 15 None None 
17/F/73 Mucinous Tail 13 Mass Mass 
18/M/62 Mucinous Head 1 Autopsy inci- 
dental find- 
ing 
19/F/63  Mueinous Head 15 Autopsy inci- 
dental find- 
ing 
Pathologic Features 


The cystadenoma was an incidental finding at autopsy in 5 
patients and at operation in a further 3 patients. The opera- 
tive findings for all patients are presented in the Table. The 
most common site of involvement was the head of the pancre- 
as (10 patients). The median size of the lesion as measured by 
its maximum diameter was 8 cm (range, 1 to 15 cm). A 
distinct, smooth eapsule was present in 87% (13/15) and 75% 
(3/4) of the microcystic and mucinous cystadenomas, respec- 
tively. Aspiration of all mucinous cysts revealed thick mucin- 
ous material. Lobulation was a distinct feature in 12 of the 
microcystic and 2 of the mucinous cystadenomas. Calcifica- 
tion in the form of psammoma bodies was seen within the 
substance of 3 of the cysts and in the wall of blood vessels in 1. 

The microcystic cystadenomas were composed of serous 
cysts of varying size and shape. Thin fibrous septa were found 
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Von Hippel—Lindau Biopsy Unavailable for 7y 
disease follow-up 
Renal carcinoma and Distal pancreatec- Died, heart failure 2mo 
thyroid adenoma tomy 
Colon carcinoma Biopsy and aspi- Died, colon 1y 
ration cancer 
None Pancreatico- Alive 1y 
duodenectomy 
Diabetes mellitus Distal pancreatec- Alive 3y 
tomy 
Lung cancer and co- Distal pancreatec- Died, lung cancer 2y 
lonic adenomatous tomy 
polyps 
Diabetes mellitus Choledochoen- Alive 16 mo 
terostomy 
Diabetes mellitus and Pancreatico- Died, liver failure 3y 
breast carcinoma duodenectomy 
Breast carcinoma Distal pancreatec- Died, breast 19y 
tomy cancer 
Breast carcinoma and Enucleation Died, breast 1y 
adrenocortical ad- cancer 
enoma 
Goiter Pancreatico- Alive 3y 
duodenectomy 
Breast carcinoma Distal pancreatec- Died, breast 6 mo 
tomy cancer 
Breast carcinoma 
Multiple myeloma and 
renal adenoma 
Lung carcinoma 
Pseudocyst of pan- Distal pancreatec- Unavailable for 8 mo 
creas tomy follow-up 
Diabetes mellitus Distal pancreatec- Died, unrelated 11y 
tomy cause 


Pharynx carcinoma 


Hepatocellular carci- 


noma and thyroid 
adenoma 


to separate the cysts into multiloculated compartments (Fig 
3). In a majority of the tumors, the lining of the cyst wall was 
composed of flat to cuboidal cells. Clear cells, typical of glyco- 
gen-rich cytoplasm, were seen focally in all microcystic ade- 
nomas but were a predominant feature in one case only. 
Immunohistochemical examination of two of these showed 
diffuse staining with cytokeratins AE1 and CAM 5.2. Cyto- 
plasmic neurosecretory products were not identified in any 
microcystic adenoma. 

Mucinous cystadenoma was identified in four patients. The 
cysts were lined by tall columnar or cuboidal cells inter- 
spersed with goblet, mucin-producing cells. The cyst contents 
appeared amorphous with hematoxylin-eosin staining. Thick 
fibrous septa containing lymphocytes and plasma cells were 
identified in all (Fig 4). Mucicarmine stains were positive in 
the two mucinous tumors tested. 

An intraoperative frozen-section biopsy specimen was ob- 
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Fig 1.—Computed tomogram of the abdomen showing a large, calci- 
fied, cystic lesion (arrow) in the pancreas. This was subsequently 
demonstrated to be a microcystic adenoma in the pancreatic head. 





Fig 2.—Selective angiogram showing displacement (black arrow) of 
the gastroduodenal artery to the right and a significant tumor blush 
(white arrow). These findings are not diagnostic of a pancreatic 
cystadenoma. 


tained in four patients. In all four patients it was possible to 
differentiate benign from malignant disease, but no attempt 
was made to differentiate microcystic from mucinous 
cystadenoma. 


Surgical Treatment 


Ten patients underwent complete resection of their pancre- 
atic tumors, seven by distal pancreatectomy and three by 
pancreaticoduodenectomy (Table). Elective spleneetomy was 
performed in eight patients, in association with distal pancre- 
atectomy in seven and as a result of operative trauma in the 
other. Two patients underwent biopsy of the mass only, and 
one had local excision of the cystadenoma from the head of the 
pancreas. Three patients had undergone a previous bypass 
procedure in the form of a choledochoenterostomy. All under- 
went reexploration at this institution, and one patient’s cysta- 
denoma was judged resectable and was excised by a distal 
pancreatectomy. One patient, who had presented with a bili- 
ary fistula after a previous bypass for a microcystic lesion in 
the head of the pancreas, had resection of the fistula with the 
choledochoenteric anastomosis and construction of a fresh 
choledochoenterostomy. 
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Fig 3.—Typical microcystic adenoma showing multiple small cysts 
with thin fibrous septa (hematoxylin-eosin, original magnification 
x 500). 
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Fig 4.— Typical mucinous adenoma showing thick fibrous septa, cili- 
ated cells, and interspersed goblet cells (hematoxylin-eosin, original 
magnification x 500). 





Outcome 


There were no significant operative complications. One 
patient died within 1 month of surgery after a cerebrovascular 
accident. In another patient a biliary-cutaneous fistula devel- 
oped after pancreaticoduodenectomy; it closed spontaneous- 
ly. The mean survival of the 10 patients who underwent 
excision of their pancreatic lesion was 4.8 years (range, 1 to 7 
years). Five patients were alive after a mean follow-up period 
of 3.1 years. One patient with a mucinous cystadenoma be- 
came unavailable for follow-up. The remainifig 8 patients 
(Table) died of unrelated benign (3 patients) or malignant (5 
patients) disease 2 months to 19 years after excision of their 
pancreatic cystadenoma. 


COMMENT 


Cubilla and Fitzgerald’ found one cystadenoma in 2587 
consecutive autopsies from the Memorial Sloan-Kettering 
Cancer Center. Although pancreatic cystadenoma is a rare 
disease, its management is important since it is frequently 


Pancreatic Cystadenoma—Corbally etal 1273 


confused with pancreatic pseudocyst and because of the defi- 
nite risk of malignant change in the mucinous variety.*’ It is 
therefore imperative that treatment of these proliferative 
cysts of the pancreas consist of removal of all neoplastic tissue 
whenever possible. Cemplete resection provides the greatest 
chance for cure. 

The mode of presentation is common to both histologic 
types and depends on the site and size of the lesion.” Unlike 
cystadenocarcinomas in the head of the pancreas, cystadeno- 
mas rarely result in jaundice." A typical presentation is that of 
a symptomless, slowly growing, upper abdominal mass in an 
elderly woman. In addition, the presence of diabetes mellitus 
and a history of previous or current malignant neoplasia 
should arouse suspicien of a pancreatic cystadenoma. In this 
series, 26% had maturity-onset diabetes at the time of presen- 
tation. The significance of this association with respect to the 
pathogenesis of cystadenoma is obscure but has been consis- 
tently noted by previeus investigators.” Twelve (63%) of our 
19 patients had or were receiving therapy for a malignant 
neoplasm. An association of pancreatic cystadenoma and ex- 
trapancreatic neoplasia has been reported.“ However, the 
significance of this finding is unclear in the present series 
given the nature of our institution and its referral pattern. A 
genetic predisposition to proliferative pancreatic disease and 
extrapancreatic neoplasia has been suggested.” 

The pathologic characteristics of the microcystic and mu- 
cinous varieties have been well described elsewhere.” It is 
important for surgeons to note that the mucinous cystaden- 
oma is outwardly indistinguishable from the microcystic vari- 
ety. However, microcystic adenomas and mucinous cystaden- 
omas ean be differentiated histologically on frozen section. 
Differentiation ef a cystadenoma from a pseudocyst is possi- 
ble if corroborated by a history of pancreatitis and the intrao- 
perative appearance of recent pancreatic inflammation. 

Of even greater importance during surgery is that it is not 
possible to differentiate benign, potentially malignant, and 
malignant pancreatic cysts on the basis of the intraoperative 
gross appearance.’ The distinction between mucinous cysta- 
denomas and low-grade mucinous cystadenocarcinomas is at 
times extremely difficult or impossible to make on frozen- 
section examination. This has important therapeutic implica- 
tions given the malignant potential of mucinous tumors; when 
a malignant neoplasm is suspected or confirmed, aggressive 


radical resection should be offered, as cystadenocarcinomas 
are highly curable.” 

A frozen-section examination may also assist in making a 
rational intraoperative decision on surgical therapy when the 
patient’s overall condition is frail. One elderly poor-risk pa- 
tient in this series was alive 7 years after biopsy and a choledo- 
choenterostomy for a microcystic adenoma diagnosed on a 
frozen section. Resection was not performed because of her 
frail condition. This lesion does not have a malignant poten- 
tial.” However, local growth of a microcystic lesion can cause 
obstructive symptoms, and one patient in this series pre- 
sented with a biliary fistula 14 years after a choledochoenter- 
ostomy for a microcystic lesion in the head of the pancreas. 
Resection should therefore be performed if possible. Internal 
drainage of a proliferative pancreatic cyst is not always appro- 
priate, since the potential for further growth remains and the 
risk of malignant change exists in the mucinous variety of 
cystadenoma. Where possible, therefore, both microcystic 
and mucinous types should be completely removed in patients 
who can withstand such resection. 

In the majority of our cases, accurate preoperative diagno- 
sis was not possible, and the variety of investigations used is 
indicative of the lack of satisfactory diagnostic tools in the era 
before CT and magnetic resonance imaging. These latter 
modalities have simplified the preoperative evaluation of pan- 
creatic cystic disease, although CT scanning will not differen- 
tiate mucinous from microcystic disease. Percutaneous nee- 
dle biopsy under CT or ultrasonic guidance can provide 
important information on the nature of any cystic lesion.” 
Determination of carcinoembryonic antigen levels in cyst 
aspirate has been shown to be valuable in differentiating 
benign from malignant pancreatic cysts and should be consid- 
ered in the workup of all pancreatic cysts.” 

In summary, the diagnosis of pancreatic cystadenoma 
should be suspected in any patient with a slowly growing 
upper abdominal mass that is mobile, shows calcification on 
plain roentgenograms, and appears cystic on CT or magnetic 
resonance images. Angiography offers little information cru- 
cial to the treatment of the patient. Therapy should aim to 
resect all tumor tissue. Less aggressive therapy might be 
considered for the microcystic cystadenoma in an aged, frail 
patient despite its known potential for late problems due to 
growth and compression of adjacent structures. 
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Proximal Extrahepatic Bile Duct Tumors 


Analysis of a Series of 52 Consecutive Patients Treated Over a Period of 18 Years 


Joseph G. Fortner, MD; Carlo E. Vitelli, MD; Barbara J. Maclean 


eè Fifty-two consecutive patients with proximal extrahepatic 
bile duct tumors were treated by one of us (J.G.F.) between 1974 
and 1987 at Memorial Sloan-Kettering Cancer Center, New York, 
NY. Thirty-eight patients (73%) underwent palliative procedures 
aimed at relieving the biliary obstruction (group A) and 14 pa- 
tients (27%) were operated on with curative intent (group B). The 
choice of the surgical procedure employed to relieve the biliary 
obstruction did not significantly influence the length of survival 
of patients in group A in whom the median survival was 13.5 
months and the in-hospital mortality was 15.7%. Fifty percent of 
the patients in group B underwent major liver resections to 
macroscopically encompass the tumor. In this group, although 
35% of the patients experienced major complications, no in- 
hospital mortalities were encountered and the median actuarial 
survival was 38 months. The projected and crude 5-year survival 
rates were 28% and 21%, respectively. Age, gender, extent of 
resection, microscopic status of margins of resection, and grade 
of the lesion did not affect the length of survival in patients in 
group B. Locoregional failure, either isolated or as a component 
of peritoneal failure, was detected in the 6 patients in whom the 
disease has recurred. Eighty-three percent of the patients in 
whom the disease has recurred were dead within 12 months of 
the diagnosis of recurrence. Two long-term survivors (14%) de- 
veloped second primary tumors in the follow-up period. 

(Arch Surg. 1989;143:1275-1279) 


here percent to 50% of extrahepatic bile duct tumors 
originate in that portion of the bile duct limited cranially 
by the hilar plate and distally by the confluence of the cystic 
duct with the common bile duct.’ Among patients with extra- 
hepatic bile duct tumors, proximal tumors carry the worst 
prognosis; approximately 600 new patients were diagnosed in 
the United States in 1987, of whom only 30 can expect to be 
alive in 1992.” 

The relative rarity of these tumors has precluded the accu- 
mulation of a large series, rendering their proper manage- 
ment a controversial issue. Many therapeutic modalities have 
been proposed as the treatment of choice for proximal bile 
duct tumor (PBDT), ranging widely from simple transtu- 
moral intubation to orthotopic liver transplantation. 
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The wide popularity of the nonresectional techniques dur- 
ing the past decade was mainly due to the low resectability 
rates and the high complication rates reported by the early 
series that advocated a radical treatment of these neo- 
plasms.** Several recent reports have challenged this ap- 
proach, indicating the superiority of the resectional approach 
in terms of quality and length of survival when compared with 
nonresectional treatment for PBDT.*™ To verify this tenden- 
cy, we retrospectively reviewed the experience of one of us 
(J.G.F.) with 52 consecutive patients with PBDT who were 
treated at Memorial Sloan-Kettering Cancer Center 
(MSKCC), New York, NY, during a 13-year period (from 
1974 to 1987). 

This report complements a previously published“ report of a 
series of 26 patients treated between 1961 and 1974 for a total 
experience of 78 patients in a 25-year period. 


PATIENTS AND METHODS 


The charts of 52 consecutive patients with the diagnosis of PBDT 
treated between January 1, 1974, and September 30, 1987, were 
reviewed. Information was gathered from hospital records, office 
visit records, personal telephone calls, or mailed questionnaires, and 
was complete for 96% of the population. 

All patients were followed up until they died or were assumed to 
have died of disease at the time of the last contact (45 patients). Two 
patients were unavailable for follow-up after discharge from the 
hospital and 5 patients were alive at the time of preparation of this 
report. 

Survival curves were constructed using the product limit method of 
Kaplan and Meier.” Statistical evaluation of the data was performed 
by x’ analysis and P<.05 was considered statistically sagnificant. All 
patients’ tumors were staged according to our staging system for 
extrahepatic bile duct tumors as summarized below: 


Stage 

1 Tumor confined to extrahepatic bile duct 
2 Regional disease 

(a) Invasion of adjacent structures only 

(b) Lymphatic or lymph node metastasis 

(c) Invasion of adjacent structures 

and lymphatic or lymph node metastasis 

3 Extraregional disease 


RESULTS 
Clinicopathological Characteristics of the Population 
Thirty-seven patients (71%) were men and 15 patients 
(29%) were women (male-female ratio = 2.4). Themean age at 
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Clinicopathological Characteristics of the Population 


Group A 
(n=38) 


Group B 
Characteristic (n=14) 
Mean age, y (range) 60 (33-81) 58 (45-80) 


M/F (M/F ratic) 28/10 (2.8) 9/5 (1.8) 


Interval from symptoms to surgery, 
mo 


Previous nontherapeutic 
laparotomy, % of patients 


Serum bilirubin levels on admission 


Stage of disease, % of patients 
lla 


IT 2.2 
60 36 
232 pmol/L 259 pmol/L 


Histologic grade, % of patients 
Well differentiated 
Moderately well differentiated 


Poorly differentiated 


the time of operation was 59.8 years (range, 33 to 81 years of 
age). The palliative treatment group (group A) had a more 
advanced stage of disease and less favorable histologic fea- 
tures than the group of patients (group B) treated with cura- 
tive intent. A significantly longer delay in presentation from 
symptoms to surgery was also evident between the two 
groups (3.4 menths vs 2.2 months, respectively). Sixty per- 
cent of the patients in group A had undergone nontherapeutic 
laparotomies prior to referral to our institution (Table). 


Surgical Procedures Performed 


Patients in Group A.—To relieve the biliary obstruction, 
three groups of procedures were used in these patients: twen- 
ty-two patients were managed by transtumoral intubation 
techniques by means of T tubes or silastic stents placed 
percutaneously or at the time of surgery, under direct vision. 
Eight patients underwent cholangioenteric bypasses using 
the intrahepatic bile ducts of the hepatic segment 3, segment 
5, or both when necessary, anastomosed to a defunctionalized 
loop of jejunum. Eight patients underwent an incomplete bile 
duct tumor resection and bypass where macroscopic residual 
tumor was left behind at laparotomy and the obstruction was 
relieved by the cholangioenteric bypass. 

Patients in Group B.—Seven patients underwent a com- 
plete bile duct tumor resection. Seven other patients (50%), in 
addition to complete bile duct tumor resection, needed major 
liver resections to adequately encompass all macroscopically 
visible tumor. The major liver resections performed are sum- 
marized below: 


Type of Liver Resection No. of Patients 
Left lateral segmentectomy 3 
Left lobectomy + caudate lobectomy 2 
Left lobectomy + caudate lobectomy + 
portal vein 1 
Right lobectomy 1 


In one case, the portal vein bifurcation was resected en bloc 
at the time of a left hepatic lobectomy. The right portal vein 
was then reanastomosed to the main trunk without difficulty. 


Pathologic Findings 


All the specimens were reviewed at MSKCC. Histologie 
diagnosis was established in 51 (98%) of 52 patients (37/38 
patients in group A and 14/14 patients in group B.) Adenocar- 
cinoma was present in all specimens. The stage and histologi- 
cal grade of the tumors are summarized in the Table. No 
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Fig 1.—Curvival estimates. The median actuarial survival for patients 
undergoi ag Curative procedures is 38 months. The median survival for 
patients undergoing palliative procedures is 13.5 months. 
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Fig 2.—Sarvival for the patients treated with palliative intent (group A). 
The median survival for the group is 13.5 months. TTI indicates 
transtumaral intubation; BY, cholangioenteric bypass; and IBDTR, 
incomplete bile duct tumor resection and bypass. 


poorly differentiated tumors were identified in patients in 
group B Of note is that in this group of patients, 50% of the 
specimens had one margin of resection (either bile duct or 
liver) mi:roscopically positive for tumor. 


Hospital Course and Survival 


The median survival for the entire population was 17.5 
months (Fig 1). 

Patients in Group A.—The 38 patients operated on with 
palliative intent who survived the operation had a median 
survival of 13.5 months (range, 2 to 32 months). Six patients 
(15.7%) died in the postoperative period (range, 2 to 36 days). 
The chore of procedure employed to relieve the biliary ob- 
structior (transtumoral intubation, cholangioenteric bypass- 
es, or inzomplete bile duct tumor resection) did not signifi- 
cantly affect the length of survival in this group of patients 
(Fig 2). “he longest survival in this group was observed in a 
patient -reated by transtumoral intubation who died 32 
months ater the procedure. 

Patierts in Group B.—Fourteen patients underwent re- 
section of all macroscopically visible tumor, and were there- 
fore considered to have undergone curative procedures (re- 
sectability rate, 27%). The mean postoperative hospital stay 
was 19 cays (range, 9 to 31 days). As summarized below, 
major complications were encountered in five patients (85%) 
and werethe cause, in two instances, of second laparotomies: 


Major Complications No. of Patients 
Subhepatic collection 3 (1 required a second laparotomy) 
Bile peritonitis 1 (1 required a second laparotomy) 
Bile leek 1 
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No in-hospital mortalities were encountered in this group 
and all patients left the hospital with a mean serum bilirubin 
value of 43 pmol/L (compared with a mean serum bilirubin 
value on admission of 259 mol/L). The median actuarial 
survival was 38 months. Five-year actuarial and crude sur- 
vivals were 28% and 21%, respectively (Fig 1). 


Patterns of Failure 


Six patients (43%) operated on with curative intent had 
recurrence of the tumor. Locoregional failure, either isolated 
or as a component of generalized peritoneal failure, was the 
initial site of demonstrated recurrence in all of these patients. 
In an attempt to resect the recurrent tumor, two patients 
underwent a second-look laparotomy. Neither patient was 
rendered disease free from this second-look procedure. 

Five (83%) of these six patients were dead within 12 months 
after the diagnosis of recurrence. Two patients (14%) devel- 
oped second primary tumors (breast and chronic lymphocytic 
leukemia) that were the cause of death at 50 and 80 months, 
respectively, after the original biliary procedure. In both 
instances, neither patient received any previous adjuvant 
treatment. 


COMMENT 


Untreated PBDT, according to the few published series, 
has a median survival of 1.2 to 4 months after diagnosis.” 
Mechanical biliary obstruction and its consequent cholangitis 
and liver failure represent the most common causes of death 
in these patients.” The observation that simple biliary 
diversion significantly prolonged the life of these patients has 
led several authors to advocate various forms of biliary diver- 
sion, either internal or external, as the treatment of choice for 
PBDT.* 

On the other hand, the knowledge that these lesions tended 
to remain confined for a long time to the hepatic hilum has 
prompted others to advocate total hepatectomy with ortho- 
topic liver transplantation as treatment.****“*' Such a bewil- 
dering array of therapeutic options is a direct consequence of 
the relative rarity of these lesions that has precluded the 
accumulation of a sufficient database to formulate meaningful 
guidelines for the treatment of these patients. From the 
review ef our experience, our approach to PBDT can be 
summarized as follows. 


Establishment of Histologic Diagnosis 


Although we concur that PBDT has a quite typical radiolog- 
ic appearance and that sometimes achieving histologic confir- 
mation ef the diagnosis can be extremely difficult and time- 
consuming, we feel that no therapeutic decisions should be 
initiated without a firm histologic diagnosis.**” The relative 
lack of sensitivity of the currently available diagnostic modal- 
ities and the dense sclerotic reaction surrounding these le- 
sions have been well documented and are responsible for the 
difficulties encountered at times in the establishment of a 
tissue diagnosis. 

Fifty-one patients (98%) in our series had histologic confir- 
mation of their diagnosis at the time of laparotomy. All of the 
patients treated with curative intent (group B) had tissue 
diagnosis. The single patient in whom histologic diagnosis 
was not established in this series was an elderly man operated 
on as an emergency because of cholangitis after a failed at- 
tempt by preliminary biliary drainage. He died in the postop- 
erative period of sepsis. 

The pitfalls of simply relying on clinical impressions and on 
“pathognomonic” radiologic appearances have been well do- 
cumented in the recent literature.” Thus, every effort should 
be made at laparotomy to ensure a firm histologic confirma- 
tion of the clinical impression. 
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Preoperative Evaluation and Operative Strategy 


Because of the nature of our institution, many patients in 
this series had, on admission, a tentative diagnosis of PBDT 
already formulated. It is also important to note that many 
patients (60% in group A and 36% in group B) were subjected 
to nontherapeutic laparotomies prior to being reserred here. 
These procedures may create a potential locoregional neo- 
plastic contamination that greatly reduces the likelihood of a 
successful subsequent curative resection. For his reason, 
many advocate the immediate transfer to the referral center 
as soon as a diagnosis of PBDT is entertained, rather than 
exploration and then referral to the specialized center. 

Our standard preoperative workup consists of an abdomi- 
nal computerized tomographic (CT) scan, an encoscopic ret- 
rograde cholangiopancreatogram, and arteriography of the 
celiac axis and superior mesenteric artery with portal phase 
venography. Although several investigators have demon- 
strated excellent results with ultrasonography and rely 
heavily on this noninvasive diagnostic modality, we have not 
been able to duplicate this diagnostic accuracy.” 

We have abandoned the routine use of prelimmary biliary 
drainage in these patients. The currently availakie literature 
does not support the routine use of preliminary biliary drain- 
age in patients with obstructive jaundice.“ We, however, 
consider mandatory its use in patients with cholangitis or with 
markedly abnormal liver function test results in whom the 
achievement of a reliable biliary drainage is considered a 
surgical emergency. 

Our patients routinely undergo exploration via bilateral 
subcostal incisions, which, if necessary, can be extended 
cephalad in the midline as a reverse Y. After careful search 
for extraregional disease, the hilar extent of the tumor is 
carefully assessed. Particular attention is devoted to the 
caudate lobe and to the portal vein bifurcation. These are sites 
of tumor extension in PBDT.™*™"* Forty percent of the 
patients in group B had tumor extending into the caudate lobe 
that was resected en bloc as shown in the tabulateon above. 

If the tumor appears resectable and once histelogical diag- 
nosis has been established, the common bile ductis divided in 
its most caudal portion and the distal end is transfixed with 
nonabsorbable suture material. The portal veir anc the he- 
patic artery in the hepatoduodenal ligament are*then “skele- 
tonized” by cephalad elevation of the proximal common bile 
duct en bloc with its surrounding lymphatic bearing tissue. 
The “proximal elevation” of the common bile duct affords 
additional exposure at the hilum of the liver. If proximal clear 
margins from the tumor are encountered, no liver resection is 
necessary and the bilioenteric continuity is reestablished in 
the usual fashion (vide infra). However, when »arenchymal 
invasion is encountered, the surgeon has to detemine wheth- 
er a liver resection will adequately encompass the sumor bed. 

We do not regard invasion of the portal vein cr the hepatic 
artery at the hilum by the tumor as an absolute :ontraindica- 
tion to a curative resection. Several techniques to replace a 
segment of portal vein or hepatic artery resected with the 
tumor have been described and successfully applied in clinical 
practice.°’*"**** In our series, one patient was feund with the 
portal vein bifurcation invaded by the tumor. A standard left 
hepatic lobectomy adequately encompassed the tumor bed, 
and after macroscopic clearance on the right portal vein was 
achieved, its proximal free margin was anastomesed with fine 
vascular sutures to the main trunk previously prepared for 
the anastomosis. The patient tolerated the procedure well 
and is alive, without evidence of disease, 14 months after the 
procedure. 

Bilioenteric continuity is generally reestablished via a de- 
functionalized loop of jejunum anastomosed as a Reux-en-Y 
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loop to the proximal biliary radicles. We do not routinely use 
transanastomotic stents advocated by some,*’”” but rely 
more on careful mucosa-to-mucosa apposition to prevent bili- 
ary strictures. 

No patient in this series underwent a liver resection with 
the use of the isolation perfusion technique described by 
Fortner et al” that was used in the previously reported expe- 
rience with PBDT.* The results of a strictly standardized 
surgical approach to PBDT are underscored by the fact that 
no operative mortalities were encountered in the curative 
resection group. Although a significant percentage of pa- 
tients (35%) suffered from major postoperative complica- 
tions, the mean postoperative hospital stay in this group was 
only 19 days. 


Adjuvant Treatment and Follow-up Strategy 


The observation that the most common site of failure after 
surgical treatment for PBDT is the original tumor bed has 
encouraged the development of adjuvant treatments for 
these patients. Furthermore, successful salvage surgical 
treatment in recurrent PBDT has been almost anecdotal.°*"* 
It has become common knowledge that the diagnosis of recur- 
rent tumor is shortly followed by the death of the patient. 

Our results confirmed these observations. Of the six pa- 
tients whose disease recurred after potentially curative pro- 
cedures, all had locoregional failures as the first site of docu- 
mented failure. Five (83%) of these six patients were dead of 
the disease within 12 months after the diagnosis of recurrent 
disease. Two patients underwent exploration in an attempt to 
resect the recurrent tumor. None of the patients was ren- 
dered disease free from the second-look laparotomy. One 
patient had a mere bioptical confirmation of generalized peri- 
toneal recurrence and a second one had the tumor bed im- 
planted with radioactive iodine 125 seeds (brachytherapy). 
This second patient is the single one, in the present series, 
surviving more than 12 months from the diagnosis of 
recurrence. 

Response rates on the order of 30% of short duration have 
been reported with combination chemotherapy in extrahepat- 
ic bile duct tumors, and its use outside an investigational 
protocol does not seem justified.“ Adjuvant radiotherapy, 
using either conventional external sources via intraoperative 
external beam or via implantable radioactive sources (bra- 
chytherapy), offers a much more attractive theoretical advan- 
tage. Preliminary, noncontrolled data, mainly from Japanese 
investigators, are particularly promising, and future con- 
trolled trials are urged in that direction.”*™ 

Few comments can be made about our results with the use 
of adjuvant treatments because of the small number of pa- 
tients. We have reserved adjuvant chemotherapy (fluoroura- 


cil either alone or in combination with doxorubicin hydrochlo- 
ride [Adriamycin] and mitomycin [Mitocin-C]) for patients 
with positive microscopic margins electing to observe pa- 
tients with negative microscopic margins. Adjuvant external 
radiatior. therapy was used in one patient (40 Gy) and intersti- 
tial radictherapy (brachytherapy with implants of iodine 125) 
in another patient. 

The finding in our series that patients with positive micro- 
scopic margins of resection had the same survival as patients 
with negative microscopic margins would infer that these 
adjuvant modalities had a positive effect on survival. Howev- 
er, these optimistic conclusions should await larger and prop- 
erly concucted trials to be confirmed. The study of prognostic 
factors-will characterize the subsets of patients in whom these 
adjuvantmodalities should be actively investigated. 

None of the variables analyzed reached significance in a 
univariate analysis; longer survival in women was of border- 
line sign-ficance (P=.06). The observation that microscopi- 
cally positive margins of resection did not negatively influ- 
ence survival, although surprising, has been reported by 
others.”* 

In our long-term survivors, we encountered two patients 
(14%) who developed second primary tumors (breast and 
CLL). In both instances, these second primary tumors were 
the even-ual cause of death at 50 and 80 months. Neither 
patient_had been treated with an adjuvant modality. 


CONCLUSION 


Proximal bile duct tumors are rapidly fatal tumors when 
left untreated. The major aim of surgical treatment is to 
ensure rapid and reliable relief of the biliary obstruction, 
which, if adequately achieved, will significantly prolong the 
survival cf these patients. 

In a small, but nonetheless significant, number of patients, 
radical resections with curative intent are possible and can be 
achieved with minimal morbidity and mortality. These pa- 
tients should be primarily treated in specialized centers 
where a carefully standardized surgical approach can be bet- 
ter proviced. 

In our experience, no survival advantage was seen with 
“palliative” resections where macroscopic tumor was left be- 
hind at leparotomy. However, patients with microscopically 
positive margins of resection fared equally well as patients 
undergeing complete resections, with a median survival of 38 
months. The development of effective adjuvant protocols is 
urged te reduce the frequent and ominous occurrence of local 
recurrences after surgical treatment. The development of 
second primary tumors in long-term survivors mandates a 
careful and attentive screening in the follow-up of these 
patients. 
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Invited Commentary 


These tumors, often referred to as Klatskin tumors (Klatskin G. 
Adenocarcinoma of the hepatic duct at its bifurcation within the 
porta hepatis. Am J Surg. 1965;38:241-256), underwent resection 
for the first time in 1954 (Brown G, Meyers N. The hepatic ducts: a 
surgical approach for resection of tumour. Aust N Z Med. 
1954;28:308-312). The earliest more accumulated experience 
came, however, from UCLA (Longmire WP Jr, McArthur MS, 
Bastaunis EA, Hiatt J. Carcinoma of the extrahepatic biliary 
tract. Ann Surg. 1973;178:333-345). 

The tumor is usually regarded as slow growing and late to 
produce distant metastases. It should be an ideal candidate for 
surgery. However, despite aggressive attempts around the 
world, radical surgery has not been too successful. The tumors 
develop together with a strong network of fibrotic connective 
tissue. Sometimes the tumor cells are difficult to find. This makes 
it difficult sometimes to define the border, and tumor cells are 
often developing beyond the macroscopical borders. 

Obviously, it is not often easy to resect the tumors radically. 
Despite aggressive attempts to perform liver resection in our first 
15 patients, histologic radicality was obtained in only 4 patients. 
Three of them, however, survived for 10 years or more (Evander 
A, Hoevels J, Ihse I, Bengmark S. Evaluation of aggressive 
surgery for carcinoma of the extrahepatic bile ducts. Ann Surg. 
1980;191:28-29 and Bengmark S, Ekberg H, Evander A, Kléfver- 
Stahl B, Tranberg, KG. Major liver resection for biliary cholan- 
giocarcinoma. Ann Surg. 1988;207:120-125). In 1984 Blumgart et 
al were able to get free margins in 7 of 16 patients undergoing 
resection (Blumgart LH, Hadji NS, Benjamin IS, Beazley R. 
Surgical approaches to cholangiocarcinoma at the confluence of 
hepatic ducts Lancet. 1984;1:66-70). It is rare when radical resec- 
tion can be achieved with a local resection without liver resection. 
Mizumoto et al were able to obtain free margin in only 1 of 11 
locally resected cases. In addition to influencing the prospect of 
life, residual cancer also increases the risk of early com- 
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plications, including poor healing of hiliodigestive anastomoses, 
leakage, abscess formation, and sepsis. 

During the last 10 years, several authors have emphasized the 
importance of caudate lobe resection. However, a new observa- 
tion by Mizumoto et al is that almost half of their 24 patients had 
either invasion of the draining bile ducts of the caudate lobe and/or 
direct invasion of the parenchyma of caudate lobe (Mizumote R, 
Kawarada Y, Suzuki H. Surgical treatment of hilar carcinoma of 
the bile duct. Surg Gynecol Obstet. 1986;162:153-158). This has 
raised the question of the importance of caudate lobe resection. 

Although right-sided lobectomies and extended right-sided lo- 
bectomies carry a high morbidity and operative mortality, a 
lengthy survival is often seen in this group of patients. is 
probably ne to the fact that the left hepatic duct has a long 
extrahepati eourse in contrast to the right lobe, which makes it 
possible to eet several centimeters of the hepatic duct, thereby 
increasing the possibility for radical resection. Fortner and co- 
workers reported no hospital mortality and a comparatively lower 
morbidity than is usually reported in the literature. 

It is interesting to note that several experienced surgeons have 
given up using transanatomotic stents when reestablishing the 
hepatointestinal connection. I have not used this technique for the 
last 15 years. I am not even convinced that the-so-called careful 
mucosa-to-mucosa apposition is important to prevent secondary 
biliary strictures. Without a doubt, it is most important to have a 
well-vascularized hepatic duct up to the resection margin. During 
the last 15 years I have made no attempt to use mucosa-to-mueosa 
suture. Instead, I have made a “dip in anastomosis” where the 
hepatic duct projects through a hole in the jejunum into its lumen. 
So far, no disadvantages have been seen. 


STIG BENGMARK, MD 
Lund, Sweden 
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Perforated or Gangrenous Appendicitis 
Treated With Aminoglycosides 


How Do Bacterial Cultures Influence Management? 


Steve H. Dougherty, MID; Edward C. Saltzstein, MD; Jack B. Peacock, MD; Leo C. Mercer, MD; Pearl Cano, RN 


è To study the influence of bacterial culture data on the clinical 
management of gancrenous or perforated appendicitis, we re- 
viewed records of 104 patients who had been treated empirically 
with aminoglycoside antibiotics. Culture results appeared to in- 
fluence antibiotic therapy in only 7 patients (7%). The routine 
cultures obtained at appendectomy affected therapy in only 2 
patients. Discriminant analysis identified postoperative infec- 
tious complications and related factors as the principal determi- 
nants of culture utility. We conclude that, in patients with perfo- 
rated appendicitis treated empirically with aminoglycoside 
combination regimens, culture results were seldom used for 
clinical management except in instances of postoperative infec- 
tious complication. Routine cultures and Gram’s stains of perfo- 
rated appendicitis, however, should still be obtained (1) to allow 
epidemiologic tracking in the hospital; (2) to identify organisms 
that are recovered infrequently but may cause serious disease 
(eg, Clostridium); and (3) because newer antibiotics are replacing 
aminoglycosides in the treatment of perforated appendicitis. 

(Arch Surg. 1989;124:1280-1283) 


he necessity of ebtaining bacterial cultures, particularly 

intraoperative eultures, for the management of acute 
intra-abdominal infections is usually taken for granted. It is 
simply assumed that the results of such studies will be rou- 
tinely utilized, especially in regard to antibiotic selection. 
However, since the use of broad-spectrum empirical antibiot- 
ic therapy for peritonitis has become commonplace, some 
clinicians have questioned the value of routine cultures.’ In an 
attempt to evaluate how culture results were actually used in 
perforated or gangrenous appendicitis, we reviewed our re- 
cent experience with a group of such patients, all of whom had 
been treated empirically with aminoglycoside antibiotics. 


PATIENTS AND METHODS 


We reviewed the charts of all patients at the R. E. Thomason 
Hospital, El Paso, Tex, for the period February 1983 to September 
1987, who had perforated or gangrenous appendicitis and whose 
treatment included aminoglycoside antibiotics. Microbiology labora- 
tory reports, progress notes, and medication records were examined 
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in detail to ascertain how culture data might have influenced clinical 
management, particularly the use of antibiotics. It was postulated 
that cultures could have influenced management in one or more of the 
following ways: addition of drug(s) to an existing antibiotic regimen; 
deletion of drug(s) from an existing regimen; institution of an entirely 
different antibiotic regimen; cessation or abbreviation of antibiotic 
therapy; prolongation of antibiotic therapy; or selection of drug dos- 
age based on the mean inhibitory concentration for a cultured organ- 
ism or based simply on the presence of an organism likely to be 
resistant or virulent. We regarded as axiomatic the idea that cultures 
did not influence therapy when they consistently and repeatedly 
yielded flora sensitive to empirical drug regimens and led to no 
treatment modifications. In all patients, intraoperative cultures of 
peritoneal fluid were collected with cotton swabs (Culturette, Marion 
Scientific, Kansas City, Mo) and/or syringe aspiration. Swabs or 
tissue specimens for anaerobic culture were transported in Carey- 
Blair medium, aspirated fluid in Port-A-Cul vials (BBL Microbiology 
Systems, Becton Dickinson & Co, Cockeysville, Md). 

Until October 1985, antibiotic sensitivity testing was done with the 
Sensititer system (Gibco Laboratories, Dallas, Tex), results being 
reported as sensitive, intermediate, or resistant. Since that time, the 
Microsean system (Travenol Laboratories Inc, Deerfield, Ill) has 
been used, and the actual mean inhibitory concentration of the organ- 
ism reported. For amikacin susceptibility, a break point of 16 mg/L is 
used in our hospital (organisms with a mean inhibitory concentration 
>16 mg/L are considered resistant). For gentamicin and tobramycin, 
the susceptibility break point is 6 mg/L. Anaerobic organisms were 
routinely cultured (GasPak, BBL Microbiology Systems) and identi- 
fied but were not routinely tested for antibiotic sensitivity. Gram’s 
stain results were a standard feature of the culture report. 

During the period June 1984 to August 1986, aminoglycoside selec- 
tion at our institution was influenced by a drug study that called for 
minimum hospitalwide amikacin usage of 50% of aminoglycoside 
patient-days. This study undoubtedly increased the likelihood that 
amikacin would be used in the management of perforated 
appendicitis. 

Analysis of results was performed using the Statistical Package for 
the Social Sciences (SPSS Inc, Chicago, Ill). The x’ statistic was used 
as a test of independence among nominal variables. Stepwise dis- 
criminant analysis (minimizing Wilks’ \) was used to identify factors 
associated with the likelihood that culture results would influence 
antibiotic therapy. 


RESULTS 


The charts of 104 patients, 65 male and 39 female, were 
reviewed. Median patient age was 14.3 years (range, 2.2 to 70 
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years). Median duration of symptoms before hospita! presen- 
tation was 2 days (range, 0.4 to 21 days). For the 13 patients 
who did not undergo appendectomy within the first few hours 
of hospital admission, the median delay from admission to 
surgery was 1 day (range, 1 to 5 days). The average appendec- 
tomy lasted 60 minutes (range, 20 to 185 minutes), with 62% of 
cases being done between the hours of 5 PM and 7 AM. Four- 
teen of the 104 patients were found to have an appendiceal 
abscess, one abscess being recurrent following previous 
drainage. Of these 14 patients with abscesses, all but 1, 
including the patient with recurrence, underwent appendec- 
tomy and abscess drainage. The remaining abscess was 
treated with drainage only. All other patients underwent 
appendectomy; in 1 case this was combined with partial cecec- 
tomy. The median length of hospitalization for the entire 
group was 6.5 days (range, 4 to 26 days). There were no 
deaths in the entire series. 


Antibiotic Therapy 


The average number of antibiotics used per patient was 
three (range, two to five), with no significant difference for 
complicated vs uncomplicated cases. Table 1 gives the drug 
regimens used. When perforated appendicitis was suspected 
at hospital admission, aminoglycoside combination therapy 
was started preoperatively. If perforation was not suspected, 
treatment with cephalosporins (cefazolin, 12 patients; cefa- 
mandole, 3; cefoxitin, 1; cephapirin, 1) was begun, and amin- 
oglycoside-based regimens were instituted later (intraopera- 
tively), as soon as perforation was diagnosed. The length of 
antibiotic therapy averaged 7 days (range, 3 to 25 days) and 
tended to be longer for complicated cases. 


Culture Results and Complications 


A total of 170 cultures were obtained, in 106 of which 
organisms grew. At the time of appendectomy, cultures of the 
peritoneal cavity or appendiceal abscess were obtained in all 
but two patients (102 cultures). Of these 102 cultures, 89 
(87%) yielded bacterial growth, including anaerobes in 30 
(29%). Sensitivity studies were done for 68 (76%) of these 89 
cultures. The likelihood of cultures being positive was not 
influenced by the time of day at which the culture was ob- 
tained. Those collected during the day (T AM to 5 PM) had about 
the same yield (84% positive) as those collected “after hours” 
(86% positive; P>.05). Although the yield for anaerobic cul- 
tures taken at night was lower (25% positive) than during the 
day (34% positive), the difference was not statistically signifi- 
cant. The median delay from culture collection to the final 
laboratory report was 2 days (range, 1 to 7 days) for aerobic 
organisms and 4 days (range, 1 to 7 days) for anaerobes. Table 
2 gives organisms recovered both at appendectomy and from 
subsequent infectious complications. 

Antibiotic sensitivity data were available for 68 (76%) of the 
89 patients whose appendectomy cultures were positive. Only 
one organism, a strain of Streptococcus avium that grew both 
from the appendectomy culture and from a subsequent wound 
infection, proved resistant to the empirical antibiotic regimen 
(amikacin, clindamycin) the patient had received. None of the 
gram-negative aerobic isolates, including Pseudomonas aer- 
uginosa, were resistant to aminoglycosides. Indeed, the only 
notable trend in organism resistance was a 26% incidence of 
ampicillin-resistant Escherichia coli, a rate similar to nation- 
al statistics reported by the Centers for Disease Control, 
Atlanta, Ga.’ 

Sixteen postoperative infectious complications occurred in 
13 patients (Table 3) and were not associated with any partic- 
ular drug regimen. Culture and sensitivity data were avail- 
able for 11 of these patients. Only two complications, a uri- 
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Table 1.—Empirical Antibiotic Therapy 


Regimen No. of Patients 


Amikacin 
+ Clindamycin 
+ Ampicillin 
+ Piperacillin 
+ Cefazolin 
+ Metronidazole + ampicillin 


Total 
Gentamicin + clindamycin 
+ Ampicillin 
+ Cefamandole 
+ Cephapirin 
Total 
Tobramycin 
+ Clindamycin 
+ Ampicillin 
+ Cefamandole 
+ Metronidazole 
+ Ampicillin 
+ Cefamandole 
Total 
Total 












Table 2.—Organisms Recovered From Appendectomy or 
Abscess Culture (89 Patients) and Infectious Complications 
(11 Patients) 











No. of Isolates 







Peritoneal Infectious 





Organism Cultures Complications 
Escherichia coli 63 9 
Streptococcus species (nonenterococcal) 41 3 
Pseudomonas aeruginosa 17 1 
Bacteroides species 15 4 


ah 
i.e) 


Bacteroides fragilis 


© 
aš 


Klebsiella-Enterobacter 





Fusobacterium species 
Peptostreptococcus species 
Citrobacter species 
Diphtheroids 

Pseudomonas species 
Acinetobacter species 
Proteus species 


o 


Lh) 


Peptococcus species 
Eikenella corrodens 


— | M 
— 


Aeromonas hydrophila 
Haemophilus species 
Pasturella multocida 
Propionibacterium species 
Gram-negative rods 


Candida species 


nary tract infection due to Candida albicans and a wound 
infection due to S avium and E coli, resulted from organisms 
(C albicans and S avium) resistant to all antibiotics that the 
patients had previously received. 

Pseudomonas aeruginosa was cultured in only one case of 
postoperative infection. The isolate was sensitive to the anti- 
biotics (amikacin) being used and was probably the same 
strain (identical antibiogram) cultured at appendectomy. Of 
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Table 3.— Postoperative Infectious Complications 













Cultures 
Influenced by 
Antibiotic 
Management, 
No. 
re—_—_—_—_* 
Complication No. Yes No 
Wound infection 6 1 5 
Intra-abdominal abscess 6 2 4 
Urinary tract infection 2 1 1 
Drain tract infeetion 1 1 0 
Epididymitis 1 0 1 


Total 16 5 11 


the five anaerobes cultured from four postoperative infec- 
tions (four patients), similar isolates had been recovered ear- 
lier at appendectomy in all instances but one. 

Primary wound closure was a feature in all six of the 
surgical wound infections (Table 3). 


Influence of Cultures on Antibiotic Therapy 


Using the criteria outlined above, only seven patients could 
be identified whose antibiotic management appeared to have 
been influenced by culture results. For two of the seven, 
entirely new drug regimens were instituted on the basis of 
cultures, and in two others, drugs were added to and deleted 
from the treatment regimens. Cultures led to cessation of 
therapy in two patients and to prolongation of therapy in one. 
Stepwise discriminant analysis using 28 different factors was 
carried out to identify predictors of culture influence on anti- 
biotic management. (These factors were age, sex, duration of 
symptoms; admission white blood cell count; delay in admis- 


sion to surgery; length of hospitalization; appendiceal ab- . 


scess; open vs closed wound management; reoperation; total 
number of complicatiens; infectious postoperative complica- 
tions; total days of antibiotic therapy; initial antibiotic regi- 
men; cephalosporins used; antibiotic regimen changed empiri- 
cally; total number of antibiotics used; changes in antibiotic 
dosages; pharmacokinetics used; total number of aminoglyco- 
side serum levels; appendectomy culture obtained; appendec- 
tomy cultures pesitive; P aeruginosa recovered from appen- 
dectomy culture; anaerobes cultured; sensitivity studies done 
for appendectomy culture; recovery of organism resistant in 
vitro to previous drug therapy; total number of cultures 
taken; total number cf positive cultures; and postoperative 
cultures taken.) Table 4 gives the seven factors with the 
greatest capacity to increase the value of the discriminant 
function, larger function values being associated with greater 
probability that cultures will influence therapy. As can be 
seen, the three most important predictors were the occur- 
rence of postoperative infectious complications, isolation of 
organisms resistant in vitro to previous antibiotic therapy, 
and prolonged courses of antibiotics. 


COMMENT 


The bacteriology of acute intra-abdominal infections, par- 
ticularly perforated appendicitis,** has been well character- 
ized”’ and invariably includes a mixture of aerobic and anaero- 
bic enteric flora. Escherichia coli, Bacteroides fragilis, and 
facultative organisms often predominate; enterococci and 
Pseudomonas species are cultured occasionally. Although 
debate about the pathegenicity of certain gut organisms con- 
tinues, the approach to antibiotic treatment of these infec- 
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Tabie 4.— Predictive Factors for the Clinical Usefulness of 
Cultures in Perforated Appendicitis* 


Standardized Canonical 
Discriminant Function 
Coefficient 














Variable 


Postoperative infectious complications 
Isolation of bacteria resistant to previous 











antibiotic therapy 70717 
Total number of days of antibiotic therapy 52008 
Total number of antibiotics used 48724 
Lengttmof hospitalization 33264 






Pseudomonas aeruginosa grown from 
appendectomy culture 
Appendiceal abscess 







*Eigenvalue, 1.9673; P<.001. 


tions over the last several years has increasingly involved the 
use of broad-spectrum empirical drug regimens directed 
against the “usual” enteric flora. Combinations of an aminog- 
lycoside and either clindamycin or metronidazole with or 
without ampicillin, “triple therapy,” have commonly been 
selected.” Probably not by coincidence, there has been a 
concomitant decline, at least for perforated appendicitis, in 
the incidence of postoperative infectious complications, nota- 
bly intra-abdominal abscess."” David et al,” for example, 
found that perforated appendicitis treated with ampicillin, 
gentamicin, and clindamycin was much less often complicated 
by wound infections (2%) and abscesses (5%) than when 
treated with ampicillin only or ampicillin plus gentamicin 
(wound infections, 36%; abscesses, 18%). 

Given the predictability of culture results and the relative 
clinical reliability of contemporary broad-spectrum antibiot- 
ics, it is perhaps not surprising that questions should arise 
regarding the usefulness of routine peritoneal cultures for the 
management of acute intra-abdominal infections. Matlow and 
Bohnen’ prospectively studied the impact of intraoperative 
cultures on the clinical management of 45 patients with intra- 
abdominal sepsis, 17 of whom had appendicitis. Although 
their criteria for identifying culture utility were not clearly 
stated, they found that in no instance was therapy altered on 
the basis of culture data. 

Using relatively strict criteria for culture utility, our study 
of perforated appendicitis has produced similar findings. Bac- 
terial cultures appeared to influence antibiotic therapy in only 
7 (7%) of 104 patients treated empirically with aminoglyco- 
side-based regimens. In particular, the routine peritoneal 
cultures obtained at appendectomy influenced therapy in only 
2 instances, less than 2% of the total patient group, and 
identified only one organism, a strain of S avium, that was 
resistant to empirical therapy. Even though a wound infec- 
tion resulted from this one resistant strain, the problem was 
more likely due to primary wound closure in this patient than 
to failure to heed culture results (ie, to administer an agent 
effective against S avium). Therefore, although sensitivity 
studies for anaerobes were lacking, it did not appear that 
organism resistance to antibiotics, at least as identified from 
appendectomy culture, was an important cause of postopera- 
tive infectious complications. Instead, most such complica- 
tions were probably due to technical and patient factors. “ 

While the results of routine appendectomy studies were 
thus seldom used, cultures obtained from postoperative infec- 
tions appeared to influence therapy more often. Indeed, this 
seemed to be true even though the treatment of fewer than 
one third of the postoperative infections was apparently influ- 
enced by culture results (Table 3). In five of the seven patients 
whose management was affected by cultures, the data were 
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used in the treatment of postoperative infections. Discrimi- 
nant analysis, furthermore, identified postoperative infec- 
tions and related factors such as length of antibiotic therapy, 
total number of antibiotics used, and isolation of bacteria 
resistant te previous drug therapy as the principal determi- 
nants of culture utility. Therefore, although culture results 
seemed to be used infrequently for any purpose in our pa- 
tients, their principal role appeared to center on the manage- 
ment of postoperative infectious complications. 

It is possible that cultures should have been used to modify 
treatment in our patients more often than was actually done. 
In 1 of our patients, based on culture results, therapy was 
successfully changed to cefazolin after several days of amin- 
oglycoside use. Although studies were incomplete, cultures 
from at least 41 of our patients yielded various gram-negative 
organisms that were sensitive to B-lactam antibiotics. Only 
three cultures yielded species of Ẹ coli resistant to multiple B- 
lactams. Thus, there may have been several patients whose 
antibiotic =herapy could have been successfully downgraded. 
Certainly, many of the 69 patients who received ampicillin 
could have had this drug eliminated since none of their cul- 
tures yielded Enterococcus, the organism against which it 
was directed. On the other hand, patients with uncomplicated 
courses received only about 6 days of antibiotic therapy. 
Thus, treatment in most cases was nearly complete (aerobic 
cultures required an average of 2 days to process; anaerobic 
cultures, 4 days) by the time culture data became available, 
making a change in therapy seem somewhat gratuitous. Em- 
pirical use of some of the newer 8-lactam drugs may eventual- 
ly obviate this issue. ” 

In 1 patient whose therapy was influenced by culture re- 
sults, aminoglycoside therapy was prolonged because P aeru- 
ginosa grew in the appendectomy culture, probably an inap- 
propriate use of culture data. Compared with other patients, 
the 17 whose cultures yielded P aeruginosa did not have 
longer courses of antibiotic therapy, more antibiotics, more 
complications, or longer hospitalizations (data not shown). 
Therefore, culture recovery of P aeruginosa per se is not 
necessarily a reason to prolong treatment. Indeed, when the 
patient noted above was eliminated from analysis, recovery of 
P aeruginosa on initial culture dropped out of the discrimi- 
nant function as a predictor of culture utility. 

In spite of our findings, we would not suggest complete 
abandonment of peritoneal cultures even in relatively healthy 
patients with acute infections. The availability and increasing 
use of many novel, relatively untried antibiotics or substi- 
tutes foraminoglycoside therapy make continued culture and 
sensitivity testing important. Routine cultures and Gram’s 
stains sometimes identify the agents of rapidly catastrophic 
infection, such as Clostridiwm perfringens. From the epide- 
miologie standpoint, culture data create a collective picture of 
microbial sensitivity patterns in the hospital and help to 
identify emerging patterns of resistance among certain 
pathogens. Scientific considerations aside, the medicolegal 
aspects ef culture collection should probably not be ignored. 


Statistical analysis was performed by Charles H. Williams, PhD. 
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Invited Commentary 


I agree with the facts as presented in this study. Sultures of 
“surgical” infections carried out by a competent clinical micro- 
biology laboratory are rarely helpful in managenent. There 
are several reasons for this: (1) The culture results only ap- 
proximate the vast array of polymicrobial flora truly present in 
intra-abdominal infections. If there are more than 400 species 
in feces, why are only a few organisms consistently reported? 
Ifthe cultures are true, why do subsequent cultures of compli- 
cating infections so often present a “new” organism? (2) The 
results are reported so late after primary operateve therapy 
that the clinical course is already predictable. (3) The elinical 
course depends more on the local and systemic hest defenses 
than on differences between etiologic agents. If he mass of 
flora is reduced by the empiric surgical and medi-al therapy, 
the neutrophil is indifferent to the species of organism it is 
ingesting. 

But, as the authors wisely warn, the “standard of care” (in 
the legal sense) is to obtain the cultures. It is ther a matter of 
clinical judgment how to utilize the results. In general, if the 
clinical course is satisfactory, and the empiric anti »iotie choice 
has been rational, changes in antibiotics are rarelypwarranted. 


RICHARD L. Sammons, MD 
Pittsburgh, Ps 
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Frequency of Puncture Injuries in Surgeons 
and Estimated Risk of HIV Infection 


Albert B. Lowenfels, MD; Gary P. Wormser, MD; Rajesh Jain 


è To evaluate the occupational risk of human immunodefi- 
ciency virus (HIV) infection, we surveyed 202 surgeons working 
in the New York City metropolitan area. One hundred seventy- 
three (86%) surgeons reported at least one puncture injury in the 
preceding year (median number, 2 per year; interquartile range, 1 
to 4 per year). Seventy-six percent of the injuries occurred during 
surgery, and the median injury rate was 4.2 per 1000 operating 
room hours. Twenty-five percent of the surgeons sustained year- 
ly injury rates of 9 or more per 1000 operating room hours, and 
these high rates were independent of sex, age, type of practice, 
operative work load, or hospital location. Fifty-three percent of all 
injuries involved the index finger of the nondominant hand. If the 
prevalence of HIV infection in surgical patients is 5%, then the 
estimated 30-year risk of HIV seroconversion is less than 1% for 
50% of the group, 1% to 2% for 25% of the group, 2% to 6% for 15% 
of the surgeons, and greater than 6% for 10% of the surgeons. 

(Arch Surg. 1989;124:1284-1286) 


He! workers have always been exposed to numerous 
occupational hazards, but recently a new risk has aris- 
en—human immunodeficiency virus (HIV) infection after ac- 
cidental exposure to infected blood or blood-containing body 
fluids. The risk of this serious infection depends on two vari- 
ables—the prevalence of HIV-infected patients to which hos- 
pital workers are exposed, and the frequency of injury or 
exposure to infected blood or body fluids. Because surgeons 
work with sharp instruments and are exposed to HIV-posi- 
tive patients, they may well be at increased risk of serocon- 
version. We studied the frequency of puncture injuries and 
other types of exposures that might ultimately result in HIV 
infection in a representative group of surgeons practicing in 
the New York City metropolitan area. 


SUBJECTS AND METHODS 


From July 1988 through October 1988, we surveyed a group of 
surgeons working in New York City and surburban hospitals located 
within a 30-mile radius—a region where acquired immunodeficiency 
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syndrome (AIDS) and HIV infection are frequent. All surgeons 
included the study were associated with one medical school located 
within ‘he area. Three types of hospitals were included in the survey: 
(1) a 500¢bed tertiary-care hospital serving primarily a suburban 
population, (2) two municipal hospitals located in New York City 
where many patients are known to be intravenous drug abusers, and 
(3) several voluntary hospitals located in both urban and suburban 
areas. 

The eolkege master computer file listed 376 surgeons and general 
surgical residents associated with the medical school. One hundred 
ten surgecns were contacted by telephone, and 100 (91%) agreed to be 
interviewed. We then mailed questionnaires to an additional 108 
attending surgeons and all general surgical residents (n = 83) actively 
practicing at either of the two municipal hospitals or the tertiary-care 
center; 102 completed questionnaires were returned. Thus, this sur- 
vey is based on 202 responses received from 301 surgeons and resi- 
dents centacted either by letter or telephone. The final group con- 
sisted o° Sa general surgeons, 97 specialists, and 51 general surgical 
residents. 

We obtened demographic information from each respondent, their 
estimated yearly number of injuries, factors associated with the most 
recent injury, number of hours spent in the operating room, esti- 
mates of yearly exposure to AIDS and HIV-infected patients, and 
information about potential exposure to other blood and body fluids 
during surgery. 

Injury rates per 1000 operating room hours were calculated for 
each surgeon by dividing the estimated yearly number of injuries 
occurring in the operating room by the yearly estimate of operating 
room hour= multiplied by 1000. 

Statistical methods assessed the cumulative 30-year risk of HIV 
seroconversion after accidental injury with the following estimate: 
Risk = 1— °.9958”” where n indicates the estimated number of year- 
ly injuries received; p, the estimated proportion of HIV-positive 
patients imthe population; and 1— 0.9958 = 0.0042, a recent estimate 
by the Cooperative Needlestick Surveillance Group of the probability 
of serocenrersion after a single percutaneous exposure to blood 
infected with HIV.’ 

Betweer-group differences were determined using t tests or analy- 
sis of variance with a predetermined level of significance of .05. 


RESULTS 


The results obtained by telephone and by mail were first 
analyzed separately, but since no significant differences 
(P>.40) were observed with respect to the number of inju- 


ries, injury rates, or other variables of interest, the two = 


groups were combined. 
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Table 1.—General Characteristics of 202 Surgeons Interviewed 


Characteristics* No. (%)t 





179 (89) 
22 (11) 
47 (25) 
94 (50) 
> 47 (25) 
Surgical status 
General Surgeon 54 (27) 
Specialist 97 (48) 
Resident 51 (25) 
Type of main hospital 
Tertiary care 76 (38) 
Municipal 61 (30) 
Voluntary 65 (32) 
No. of operating room hours/mo 
30 63 (32) 
62 (31) 
50 (25) 
=90 23 (12) 
No. of injuries/y 
<3 119 (69) 
4-7 30 (17) 
8-11 05 (03) 
=12 20 (11) 
Hepatitis B status 
Prior infection 19 (10) 
Prior immunization 76 (38) 
Estimated exposure to HIV-positive or AIDS patients 
<3/y 60 (54) 
3-9/y 29 (26) 
=10/y 23 (20) 
*HIV indicates human immunodeficiency virus, and AIDS, acquired immu- 
nodeficiency syndrome. 


tPercentage of individuals responding to the question. 


The major findings of the study are displayed in Tables 1 
and 2. One hundred seventy-four (86%) of the 202 surgeons 
reported one or more previous puncture injuries associated 
with the care of their surgical patients during the past year. 
The median number of yearly injuries per surgeon was two 
(interquartile range, one to four per year). Only 12% of the 
injuries had been reported to the hospitals’ health services. 

Seventy-six percent of all injuries occurred during surgery, 
and the median accident rate was 4.2 per 1000 operating room 
hours (interquartile range, 2.4 to 8.9 per 1000 operating room 
hours). We observed no correlation between injury rates and 
the number of hours spent in the operating room (P =.28). 
Sixty-three percent of the injuries occurring during surgery 
seem to have been self-inflicted. Injury rates were not associ- 
ated with variables such as sex, age, surgical status (general 
surgeon, specialist, or resident), or type of hospital (P>.40). 

: The distribution of the number of injuries per surgeon and 
the operative injury rates followed a log-normal distribution; 
25% of the surgeons reported rates of nine or more injuries 
per 1000 operating hours (Figure). 

One hundred thirty-three surgeons supplied information 
about the anatomic site of their most recent injury—71% 
reported injuring their nondominant hand, and 53% of all 
identifiable injuries involved the index finger of the nondo- 
minant hand. 

In addition to puncture wounds, other types of exposures 
that might be associated with a risk of transmission of HIV 
infection were common— 74% of the surgeons reported one or 
more episodes per year where gowns were soaked with blood 
or other body fluids, 72% observed blood on their hands at the 
conclusion of surgery, 36% noted one or more yearly ocular or 
oral exposures to patient fluids, and 46% had performed 
surgery with a recent abrasion or cut. 
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Table 2.— Variables Associated With 174 
of the Most Recent Injuries 


Injury report status 
Unreported 
Reported 

Location within hospital 





















144 (88) 
19 (12) 


Operating room 130 (76) 

Other location 42 (24) 
Type of surgery 

Elective 103 (77) 

Emergency 31 (23) 
Status when injured 

Operator 103 (70) 

Assistant 44 (30) 
Anatomic site of injury 

Nondominant hand 94 (71) 

Dominant hand 33 (25) 


6 (04) 





59 (37) 

Yes 102 (63) 
Patient human immunodeficiency virus 

Known positive 5 (03) 

Known negative 14 (08) 


Unknown 155 (89) 





*Percentage of individuals responding to the question. 


Frequency 





Injury Rate per 1000 OR Hours 


Histogram showing distribution of accidental parenteral injury rates 
per 1000 operating room (OR) hours (median accident rate, 4.2 per 
1000 OR hours; interquartile range, 2.4 to 8.9 per 1000 OR hours). The 
greater than 25 category includes six values ranging fram 42 to 250 
injuries per 1000 OR hours. 


With regard to yearly exposure to known HIV-positive 
patients, 54% of the surgeons reported 3 or fewer exposures 
per year, 26% reported exposure to 3 to 9 cases, and 21% 
reported caring for 10 or more such patients per year. There 
seemed to be no correlation between either the number of 
injuries or injury rates and the estimated yearly exposures to 
HIV-positive patients (respective correlation eoefficients: 
r=.08, P=.77;r=.04, P=.72) 


COMMENT 


We found that 86% of the surgeons included in our survey 
reported at least one previous puncture-type injury. and thus 
were at risk for occupationally acquired infection from a 
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blood-borne pathogen. Although the true prevalence of HIV 
infection at our hospitals is unknown, reported prevalence 
rates for HIV infection range from 0.32% in midwest hospital 
patients to 54% for intravenous drug users in New York City.’ 
If the infection rate for patients at our hospitals is assumed to 
be 5%, as has been reported for patients admitted from the 
emergency room of one east coast metropolitan institution,’ 
and if the rate of HIV seroconversion per puncture injury is 
0.42%, then an average cumulative estimate of the 30-year 
risk of HIV seroconversion per surgeon would be 1% to 2%. 
However, based on the uneven distribution of injuries, the 
risk for indivicual surgeons will vary significantly. For 50% of 
the surgeons, the 30-year cumulative risk would be less than 
1%, 25% would have a risk of 1% to 2%, 15% would have a risk 
of 2% to 6%, and 10% of the group would have a greater than 
6% risk of seroconversion. 

In addition to puncture injuries, most surgeons reported 
other exposures to blood or body fluids during the preceding 
year that might increase the risk of transmission of HIV. 
Although the frequeney of seroconversion per exposure in 
these situations is much lower than that from inoculation 
injuries, these types of exposures might increase the overall 
risk of seroconversion.* 

After accidental exposure to a patients blood, current 
guidelines recommend screening that patient for HIV anti- 
body, if consent can be obtained.’ In this sample, these guide- 
lines were followed in only 11% of the injuries. Moreover, the 
patient’s hepatitis B status should be determined so that 
prophylaxis cen be given if necessary. Again, this test was 
performed in only 17% of the cases and would have been 
especially beneficial because only 38% of the participants 
were immunized against hepatitis B infection. 

We found that 53% or 70 of 133 identifiable injuries involved 
the index finger of the nondeminant hand. Thus, protecting 
only this digit would greatly reduce the risk of injury and 
subsequent infection while still maintaining most of the sur- 
geon’s required dexterity. These injuries probably occurred 
while attempting to grasp a needle or guide its tip—a hazard- 
ous technique that can no longer be considered acceptable. 

In this study, surgeons were asked about injuries occurring 
during the preceding year. The proportion of respondents 
reporting any accidental inoculation and the median number 
of injuries was similar to that reported by a recent survey of 
dentists, another group with occupational exposure to nee- 
dles and sharp instruments.’ These rates are much higher 
than previously reported rates for other health care work- 
ers, which might be explained by serious underreporting of 


puncture injuries to employee health services, as has been 
previously documented,” and/or high injury rates in surgeons 
and dentists, as compared with other health professionals. 

An issue of interest to surgeons concerns the preoperative 
determination of HIV status. Would injury rates be lower in 
known HIV-positive patients? We cannot answer this ques- 
tion directly because HIV status was determined in only 19 
cases, but we observed no correlation between injury rates 
per 1000 hours and the reported yearly exposure to HIV- 
positive patients by individual surgeons. 

Because of the nature of their profession, surgeons will 
always be exposed to sharp instruments and to potentially 
infected blood. Although seroconversion after parenteral ex- 
posure to HIV-infected blood is infrequent, the high injury 
rates reported by some surgeons is disturbing. If high injury 
rates are related to potentially avoidable technical factors, 
then these factors should be urgently corrected, since there 
can be little control over the number of HIV-positive patients 


requiring surgery. 


L. R. Del Guercio, MD, and Carol Joline, RN, provided help in preparing and 
implementing the questionnaire. 
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DNA Content in Human Cancer: Application in Pathology and Clinical Medicine 
Daniel Seckinger, MD; Everett Sugarbaker, MD; Oskar Frankfurt, PhD 


The relationship between flow cytometry measurements (DNA ploidy, S-phase index) of solid tumors and 


survival is reviewed. Breast, ovarian, colorectal, pulmonary, urinary bladder, renal, thyroid, and endometrial 
cervical carcinoma and melanoma are discussed. Correlations between tumor stage or grade and flow 
cytometry—derived data are considered. Tetraploidy, S-phase indexes, and data derived from paraffin- 
embedded material have been the basis for seemingly controversial interpretations. Related methods are 
covered in detail and comparative aspects of flow cytometry and cytophotometry are reviewed (Arch Pathol 


Lab Med. 1989;113:619-626). 


Reprint requests to 1400 NW 12th Ave, Miami, FL 33136 (Dr Seckinger). 
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Surgical Management of Pancreatic 


Lymphoma 


George M. I. Mansour, MD; Giovanni Cucchiaro, MD; Manolis T. Niotis, MD; Bernard F. Fetter, MD; 
Joseph Moore, MD; Reed R. Rice, MD; Gene D. Branum, MD; William C. Meyers, MD 


è The clinica! and pathologic records of 12 patients with pan- 
creatic lymphoma were reviewed retrospectively to determine 
distinguishing clinical features. Radiologically, all patients had 
large abdominal masses in the region of the pancreas. Preoper- 
ative percutaneous cytologic biopsy specimens failed to make 
the diagnosis, and two specimens were interpreted incorrectly 
as poorly differentiated adenocarcinoma. The diagnosis was 
difficult to make in two cases, even at laparotomy. Four patients 
underwent a biliary bypass, and two underwent a concomitant 
gastric or duodenal bypass. Two patients died postoperatively. 
Four patients responded well to chemotherapy and/or radiation 
therapy, and two did not have any recurrences at 3 and 7 years 
postoperatively. Although rare, lymphoma should be considered 
in patients with undiagnosed pancreatic masses. The diagnosis 
may only be made with appropriate preoperative or intraopera- 
tive suspicion, and treatment may be rewarding, particularly in 
comparison with pancreatic adenocarcinoma. 

(Arch Surg. 1$89;124:1287-1289) 


ymphoma arising primarily in the pancreas constitutes 

approximately 1% of pancreatic masses.’ However, this 
diagnosis carries a much more hopeful prognosis than adeno- 
carcinoma. During the past 8 years, we have seen a relatively 
large number of patients with this problem. The records of 
these patients have been reviewed retrospectively to identify 
distinguishing eharacteristics of this tumor, if possible, and to 
develop guidelines for its diagnosis and surgical management. 


PATIENTS AND METHODS 


The medical, pathologic, and radiologic records of all patients 
whose conditions were diagnosed as pancreatic lymphoma between 
1981 and 1988 at Duke University Medical Center, Durham, NC, 
were reviewed. Only patients whose primary tumor seemed to be 
arising from the pancreas were analyzed. All patients were well 
known to at least one of us. Follow-up was 100%. Patients with 
lymphomas arising from other intra-abdominal locations or outside 
the abdomen were excluded. 


Accepted for publication February 27, 1989. 
From the Departments of Surgery (Drs Mansour, Cucchiaro, Niotis, 
Branum, and Meyers), Pathology (Dr Fetter), Medicine (Dr Moore), and 


= Radiology (Dr Rice), Duke University Medical Center, Durham, NC. 
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RESULTS 


Twelve patients were identified with this diagnosis during 
the 8-year period. Eight patients were male, 4 were female, 
and all were white. The median age of the patients was 63 
years (range, 34 to 83 years), and 10 patients were older than 
50 years. Seven patients initially had pain (Table), 3 had 
painless jaundice, 1 had an 18-kg weight loss, and 1 had a 
pancreatic mass discovered on an abdominal computed tomo- 
graphic scan performed as part of the follow-up of chronic 
lymphocytic leukemia. In 5 patients, the location of the pain 
was the upper region of the abdomen. Two patients had back 
pain. All 3 patients with jaundice had an extrahepatic biliary 
obstruction. Five patients reported significant weight loss 
(>15% of normal weight). One patient had diabetes, and 
another had an unexplained fever of 6 months’ duration. 

A palpable mass was present in five patients. Other physi- 
cal findings included mild peripheral lymphadenopathy (four 
patients) and guaiac positivity (one patient). No patient had 
ascites. Three patients had consumed significant amounts of 
alcohol, and two had smoked cigarettes heavily. One patient 
had a family history of lymphoma. Other than abnormal! liver 
function test results, the only other abnormal finding on 
admission blood studies was a white blood cell count of 
1.2 x 10°/Lin one patient, who had chronic lymphocytic leuke- 
mia. Among the jaundiced patients, two had a serum bilirubin 
of 34.2 mol/L, and the other had a level of 239.4 pmol/L. In 
all three patients, the serum alkaline phosphatase level was 
elevated. 

Radiologic studies established a diagnosis of a pancreatic 
mass in all 12 patients. Abdominal computed tomographic 
scans and upper gastrointestinal tract series were performed 
in all patients. The computed tomographic scans demon- 
strated a pancreatic mass in 8 patients. The upper gastroin- 
testinal tract series disclosed abnormal findings in 4 patients, 
showing distortion of a long segment of duedenum by the 
tumor. One patient had a duodenal obstruction, and in anoth- 
er, a long segment of duodenum was also ulcerated (Figure). 
Endoscopic retrograde cholangiopancreatography, per- 
formed in 3 patients, revealed biliary and pancreatic stric- 
tures in 1 and narrowing of only the pancreatic duct in anoth- 
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Clinical Characteristics of Study Population (N = 12) 


Sex (M/F) 8/4 


Age, y (mean + SD) 63+ 16.1 


Pain 7 (58) 
Palpable abdominal mass 


5 (42) 
5 (42) 
4 (33) 


Weight loss 
Peripheral lymphadenopathy ; 
Jaundice 


*Values are given as number (percentage) of patients, except for sex and 
age. dua 


er, and the third had normal pancreatic and biliary ductal 
anatomy. Chest x-ray films detected hilar adenopathy in 3 
patients, and interestingly, 1 patient had concomitant bron- 
chogenic carcinoma determined by a biopsy specimen ob- 
tained at bronchoscopy. Ultrasonography was performed in 
only 6 patients, revealing a pancreatic mass in 3. In 1 patient, 
amass was incorrectly diagnosed as a “probable pseudocyst.” 
Only 1 patient had dilated intrahepatic or extrahepatic bile 
ducts. Seven patients had evidence of peripancreatic or per- 
iaortic lymphadenopathy. Bone marrow aspirates and biopsy 
specimens were obtained in all patients either preoperatively 
or postoperatively. Lymphoma was not demonstrated in any 
of the patients, although 1 had evidence of chronic lymphocyt- 
ic leukemia. 

Preoperative percutaneous cytologic biopsy specimens 
were obtained in 4 patients; the correct diagnosis could not be 
made with any of these specimens, and two specimens were 
incorrectly interpreted as poorly differentiated adenocarei- 
noma. A definitive diagnosis of pancreatic lymphoma was 
established intraoperatively by frozen section in 5 patients. 
Two frozen sections were interpreted incorrectly as adeno- 
carcinoma during operative procedures. One led to resection 
of the body and tail of the pancreas. In the other, a second 
biopsy was performed on the basis of clinical suspicion of the 
diagnosis and gross findings that revealed the correct diagno- 
sis. Permanent hematoxylin-eosin stains revealed lymphoma 
in 11 patients. Immunoperoxidase and tumor marker studies 
were performed in 10 patients, and all revealed B-cell lympho- 
ma. The diagnosis in 1 patient was made only at autopsy. 

All patients underwent exploratory laparotomies and biop- 
sies. Four patients had biliary bypasses, and 2 had gastric or 
duodenal bypasses. In 1 of those 2 patients, a gastrojejunos- 
tomy was performed prophylactically (in the absence of an 
obstruction) because of the large amount of tumor surround- 
ing the duodenum. All patients had regional lymph node 
involvement (splenic, celiac, pancreatic, duodenal, superior 
mesenteric, or gastric). Two patients died postoperatively: 1 
had cirrhosis and a spontaneous peritonitis and disseminated 
intravascular coagulation developed, and the other developed 
hemorrhagic gastritis and other bleeding complications. 
Among the survivors, 9 received chemotherapy, and 5 under- 
went a combination of chemotherapy and radiotherapy (30 to 
60 Gy). A 12th patient has done well postoperatively and is 
currently undergoing chemotherapy. In all patients, the che- 
motherapy regimen included cyclophosphamide (Cytoxan), 
doxorubicin hydrochloride (Adriamycin [hydroxyldaunorubi- 
cin]), vincristine, and prednisone (CHOP).’ In 4 patients, the 
pancreatic mass completely disappeared. Two patients re- 


1288 Arch Surg—Vo! 124, November 1989 








Narrowiag, distortion, and ulceration of the second and third portions 
(arrows. of the duodenum caused by pancreatic lymphoma. Lympho- 
ma was suspected preoperatively in this patient on the basis of the 
extent of duodenal involvement without obstruction in this upper gas- 
trointestnal tract series. 


mained without recurrence: one patient has had no recur- 
rence after 7 years, and another has had no evidence of 
recurrence after 3 years. One patient has had a recurrence in 
the pancreatic bed after 4 years, and another had residual 
tumor in the region of the celiac axis after 3 months. Both 
patien:s are still alive and asymptomatic: one after 5 years 
and another after 2 years. The biliary and gastroduodenal 
bypasses have all remained functional. The other 5 patients 
died 1'/2 to 11 months postoperatively. All 5 patients had 
progressive lymphoma that did not respond to therapy, ex- 
cept 1 who died of complications of a self-inflicted gunshot 
wound to the abdomen. 


COMMENT 


To oar knowledge, this experience with pancreatic lympho- 
ma represents the largest so far reported. Pancreatic lympho- 
ma is a rare tumor. In a review of 207 cases of malignant 
tumors of the pancreas, only 3 patients (1.5%) had lympho- 
ma.’ A clinical profile on more than 2 patients had not been 
reported. On the basis of our experience in 12 patients, we 
concur’ that lymphoma is an uncommon cause of a pancreatic 
mass but has occurred in our population with sufficient fre- 
quency that it should be considered in the differential diagno- 
sis of most patients with undiagnosed pancreatic tumors. 

Some empiric observations can be made about this tumor 
based on this experience and generally help our clinical con- 
ceptions about pancreatic carcinoma. The following historic 
features may suggest the diagnosis of pancreatic lymphoma: a 
large palpable epigastric mass in the absence of pain, fever of 
an unxnown origin, and long-standing symptoms. Physical 
examiaation frequently reveals a large abdominal mass, al- 
though lymphoma also commonly occurred (7 of 12 patients) in 
our series in the absence of a palpable mass. Jaundice oc- 


currec in 3 (25%) of the patients. Radiologic findings that _ 


suggest the diagnosis include the presence of multiple obvi- 
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ously enlarged abdominal lymph nodes, a large mass in the 
absence of pain, and involvement of a long segment of duode- 
num. In a previous review of 100 cases of pancreatic ductal 
carcinoma, no tumor exceeded 10 cm in maximum diameter.’ 
Although a recent review of the computed tomographic ap- 
pearance ef primary pancreatic lymphoma mentioned that 
there were no distinctive features compared with pancreatic 
ductal carcinoma,” we saw four lymphomas larger than 10 cm. 

A preoperative cytologic diagnosis is unreliable, and in 
fact, an intraoperative frozen section may also be unreliable. 
It is only with appropriate clinical suspicion of the disease that 
some cases may be diagnosed. Ackerman et al’ have previous- 
ly noted that even with adequate biopsy specimens, the diag- 
nosis may be extremely difficult for the pathologist, particu- 
larly on hematoxylin-eosin stains. Poorly differentiated 
carcinoma and reticulum cell sarcoma may also have a similar 
appearance. Tumor markers yield specific and accurate diag- 
noses of pancreatic lymphoma.’ However, the appropriate 
tissue must be sent for there to be a chance of a diagnosis. 


Therefore, we recommend that, even with a remote possibili- 
ty of lymphoma, tissue be sent for markers. 

Significant palliation may be achieved with biliary er gas- 
tric bypasses, and these bypasses are also reasonable as 
prophylactic treatment in the presence of long-segment dis- 
ease, A biliary or gastric obstruction may occur with success- 
ful treatment. In our series, one patient had no evidence of a 
gastric outlet obstruction before surgery but had an exten- 
sive compression of the duodenum and later developed a tight 
stricture. Fortunately, he had undergone a prophylactic gas- 
troenterostomy. Although radiation and chemotherapy are 
not always successful in the treatment of this tumor, a signifi- 
cant chance of complete or palliative remission is frequently 
seen. The diagnosis of pancreatic lymphoma remains a chal- 
lenging clinical problem, and after a successful diagnosis, the 
treatment of this disease may be rewarding. 


The authors appreciate the secretarial assistance of Mary P. Scott, Carolyn 
F. Greene, and Diane H. Evans. 
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ARCHIVES OF PATHOLOGY & LABORATORY MEDICINE 
Monte Carlo Simulation and the Clinical Laboratory 
Donald P. Connelly, MD, PhD, Keith E. Willard, MD, MSEE 


Complex decisions regarding the scope, efficiency, and effectiveness of service coupled with advances in 
microcomputer workstations and modeling software have created new incentives and opportunities for the 
application of powerful simulation methodologies in the clinical laboratory. Monte Carlo techniques that 
involve a large number of repetitive simulations of a system that has probabilistic characteristics may be 


especially useful. These techniques can be applied to problems where complex interactions, the nondeter- 
ministic nature of medical problems, and the incompleteness of medical knowledge render traditional analytic 
techniques impotent. Examples include complex clinical laboratory data analysis, clinical strategy develop- 
ment using advaneed decision analysis methodologies, and prospective evaluation of the effects of proposed 
changes in laboratory operations, Although Monte Carlo simulation techniques appear to be promising for 
clinical laboratory use, limitations must be noted. Care and effort are required in model specification if 
meaningful results are to be obtained and their significance convincingly conveyed (Arch Pathol Lab Med. 


1989;113:750-757). 


Reprint requests to Department of Laboratory Medicine and Pathology, Box 511 UMHC, University of Minnesota, 


Minneapolis, MN 55455 (Dr Connelly). 
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Pathogenesis of Candidiasis 


Immunosuppression by Cell Wall Mannan Catabolites 


Raymond P. Pedzorski, PhD; Michael J. Herron; David J. Fast, PhD; Robert D. Nelson, PhD 


è Candida albicans cell wall mannan polysaccharide has an 
ability to negatively influence cell-mediated immune function. 
We have attempted to identify the mechanism of this phenome- 
non by testing the modulatory effects of isolated mannan and the 
chemical catebolites of mannan on cell-mediated immune func- 
tion in vitro. We have determined that mannan isolated by com- 
plexation with cetyltrimethylammonium bromide (CTAB) is more 
antigenic than mannan isolated by precipitation with copper and 
that CTAB mannan does not inhibit lymphoproliferation stimu- 
lated by another antigen. We have also determined that oligosac- 
charides of three sizes, derived by chemical catabolism of CTAB 
mannan, are not antigenic, but instead are immunoinhibitory. 
Iimmunoinhibition does not involve Interference with the mito- 
genic activity of interleukin 2. A similar occurrence of oligosac- 
charides may be produced by catabolism of mannan in vivo as 
evidenced by the presence of oligosaccharides of similar size in 
cell-free supernatant fluids derived from mononuclear leuko- 
cytes incubated with tritiated mannan. We propose that catabo- 
lites of fungal mannan may contribute significantly to suppres- 
sion of cell-mediated immunity in candidiasis. 

(Arch Surg. 1989;124:1290-1294) 


andidiasis is an increasing infectious complication of sur- 

gery." Persistence of infection is related in part to an 
ability of the pathogen to prevent activation of cell-mediated 
immune functions that control its growth. It now seems that 
mannan derived from the cell wall of the pathogen mediates 
the anergy associated with chronic infection. This inhibitory 
role of mannan has been recognized in studies of chronic 
mucocutaneous candidiasis (CMC), but it is likely that the 
mannose-based polysaccharide also contributes to anergy in 
other forms of chronie candidiasis. 

Both clinieal and experimental observations support an 
immunoinhibitory function of Candida mannan or mannan- 
derived catabolites. These include the disappearance of an 
immunoinhibitory faetor in the serum of patients with CMC 
after rigorous amphotericin B therapy or plasmapheresis and 
its reappearance on return of infection." Reports by us* and 
Fischer et al that mannans isolated from Saccharomyces 
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cerevisiae and Candida albicans, as well as those isolated 
from patient serum, inhibit antigen-stimulated lymphoproli- 
feration in vitro also support this role for mannan. In this 
article, we describe a unique aspect of the immunoinhibitory 
property of Candida mannan and a clue to the mechanism 
involved. 

We have determined that mannan isolated from C albicans 
is potently antigenic in terms of stimulation of proliferation of 
leukocytes from healthy Candida-sensitive individuals. 
Three oligosaccharides derived by chemical degradation of 
mannan were found not to be antigenic, but rather to inhibit 
Candida antigen-stimulated lymphoproliferation. We have 
also determined that oligosaccharides of similar size can be 
generated by incubation of mannan with human monocytes in 
vitro. Failure of the inhibitory oligosaccharides to inhibit 
proliferation of an interleukin 2 (IL-2)-dependent cell line 
suggests that they may interfere with steps in activation that 
precede the role of this cytokine. We suggest that mannan 
oligosaccharides derived from the catabolism of mannan in 
vivo may be important systemic immunoinhibitory factors in 
patients with CMC and other forms of chronic candidiasis. 


MATERIALS AND METHODS 
Isolation of Peripheral Blood Mononuclear Cells 


Leukocytes were isolated from heparinized blood specimens (10 
U/mL) collected by venipuncture from healthy control volunteers 
with the use of methods previously described.” The cell suspension 
medium used for culture of peripheral blood mononuclear cells 
(PBMCs) was minimum essential medium (MEM) with Earle’s salts 
and L-glutamine supplemented to contain 100 U of penicillin per 100 
mL, 100 uL of streptomycin per milliliter, and 15% decomplemented 
pooled human serum. 


Measurement of Lymphoproliferation 


Cultures of 0.2 mL total volume were prepared in wells of flat- 
bottomed microtiter culture plates. Cultures for Candida antigen 
and mannan-stimulated lymphoproliferation contgined 2x 10° 
PBMCs. Candida antigen (C albicans allergenic extraet in glycerin 
[1:10 wt/vol]) was dialyzed against Dulbecco’s phosphate-buffered 
saline and used at a final dilution of 1:8. Cultures were incubated at 
37°C in a humidified atmosphere of 5% carbon dioxide in air for 5 to 7 
days. an microcurie of tritiated thymidine (specific activity, 6.7 
Ci/mmol) in 50 pL of MEM was added to each well for the final 18 
hours of culture. Cells were collected onto glass fiber filter paper with 
a semiautomatic cell harvester. Filter segments were placed if” -~ 
polyoxy alkyphenol-based scintillation fluid, and radioactivity was 
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measured by liquid scintillation spectrometry. All tests were con- 
ducted with a minimum of three replicates, and the results were 
expressed as the mean counts per minute + SEM. 


Preparation of Mannans 


Candida albicans 2252 (a clinical isolate available from American 
Type Culture Collection) was cultured in medium containing 1.7 g of 
yeast nitrogen base per liter supplemented to contain 5 g of 
ammonium sulfate and 20 g of glucose per liter. Mannan was isolated 
from the yeast by CTAB complexation using the method of Nakajima 
and Ballou” or by copper precipitation (Fehling’s mannan) following 
the method of Peat et al, with modifications by Kozourek and 
Ballou. 


Preparation of Tritiated Mannan 


Mannan in the tritiated form was prepared by growth of C albicans 
2252 as described above with yeast nitrogen base medium supple- 
mented with tritiated glucose (specific activity, 82.9 Ci/mmol). The 
radiolabeled mannan was isolated by copper precipitation. 


Copper Depletion of Fehling’s Mannan 


One gram of Fehling’s mannan was dissolved in distilled water and 
passed over a 1.0 x 9.0-cm chelating resin column (Dowex), eluted 
with distilled water, and concentrated by freeze-drying. 


Chemical Generation of Mannan-Derived 
Oligosaccharides 


Oligosaccharides were released from CTAB mannan by B elimina- 
tion with weak alkali using methods previously described.” The 
sample was desalted by passage of the solution over a 2.5 x 25-em 
Dowex-50W-hydrogen column. After neutralization of pH, the B- 
eliminated mannan solution was concentrated by freeze-drying. For 
chromatographic fractionation, the treated mannan was redissolved 
in distilled water to a concentration of approximately 50 mg/mL, 
loaded onto a 5.0 x 100-cm P-2 column (Bio-Gel), eluted with distilled 
water, and collected in 7.5-mL fractions. The fractions were assayed 
for carbohydrate using the phenol-sulfuric acid procedure of Dubois 
et al.” The isolated saccharide fractions were pooled and concen- 
trated by freeze-drying. 


Cell-Mediated Catabolism of Candida Mannan 


Tritiated Fehling’s mannan was incubated for 7 days with 4.0 x 10° 
PBMCs in 5.0 mL of MEM with Earle’s salts and L-glutamine 
supplemented to contain 100 U of penicillin per 100 mL, 100 wL of 
streptomycin per milliliter, and 15% decomplemented pooled human 
serum. For chromatographic fractionation, the cell-free culture su- 
pernatant was loaded onto a 2.5x100-cm P-2 column (Bio-Gel), 
eluted with distilled water, and collected in 1.0-mL fractions. A 
scintillation cocktail (Ready-Solv HP) was added to each sample, and 
radioactivity was measured by liquid scintillation spectrometry. 


Interleukin 2—Dependent Cell Line 


Interleukin 2-dependent CTLL-20 cell line cells were used in the 
study. For these experiments, 5000 CTLL-20 cells were cultured in 
flat-bottomed microtiter plates in 0.2 mL of RPMI 1640 supple- 
mented to contain 10% fetal calf serum, MEM amino acids, 200 
mmol/L of L-glutamine, 25 mmol/L of HEPES, 50 pmol/L of 2- 
mercaptoethanol, 100 mmol/L of pyruvate, 25 mg/L of gentamicin 
sulfate, and recombinant human IL-2. Cultures were incubated at 
37°C in a humidified atmosphere of 5% carbon dioxide in air for 24 
hours and pulsed with 1 „Ci per well of tritiated thymidine (specific 
activity, 6.7 Ci/mmol) in 50 uL of medium for the last 6 hours. 


Statistical Analysis 


Raw data were log,, transformed before statistical analysis. Dun- 
nett’s t test for multiple comparisons with a control or Student's t test 
for unpaired data was performed, as indicated in the text; P<.05 was 
considered significant. 


RESULTS 


Initial experiments were performed to characterize the 
antigenic properties of the mannan prepared by two methods 


~- from C albicans. Antigenicity was tested in terms of stimula- 


tion of lymphoproliferation in vitro using mononuclear leuko- 
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cytes isolated from healthy donors known to respond in the 
same test to commercial Candida antigen. The two methods 
of preparation of mannan differed primarily in the reagent 
used to complex the extracted mannan, the reagent being 
Fehling’s reagent or CTAB. A comparison of the mannans 
obtained by these alternative methods was important be- 
cause copper present in the mannan product obtained using 
Fehling’s reagent is known to be inhibitory for antigen-stimu- 
lated lymphoproliferation®” and because alkaline conditions 
to which the mannan is exposed may remove some of the 
oligosaccharide side chains.” The CTAB procedure avoids 
both of these problems. 

Data summarized in Fig 1 describe the dose effects of 
copper- and CTAB-complexed mannans on lymphoprolifera- 
tion. Mannans prepared by both methods were observed to be 
potent stimulators of lymphoproliferation over concentra- 
tions ranging from 1 to 1000 mg/L, but mannan isolated by the 
CTAB procedure consistently produced the higher peak pro- 
liferative responses. We believe this represents a response to 
mannan as antigen because PBMCs from donors who do not 
respond to Candida antigen in vitro also do not respond to 
mannan in vitro. Data in Fig 2 demonstrate that reducing the 
amount of copper bound to Fehling’s mannan by passage 
through chelating resin resulted in an increased lymphoproli- 
ferative response to this antigen but did not make Fehling’s 
mannan comparable with CTAB mannan in terms of antigeni- 
city. This difference may reflect, in part, the loss of short O- 
linked oligosaccharides, which is known to occur under the 
alkaline pH of Fehling’s reagent. We have also noted that 
CTAB mannan treated with weak alkali, which removes the 
Q-linked oligosaccharides, results in a glycoprotein markedly 
less antigenic than the untreated molecule (data not shown), 
suggesting that the O-linked oligosaccharides contribute to 
the overall antigenicity of mannan. 

Having previously observed that oligosaccharide chemical 
catabolites of various mannans derived from S cerevisiae are 
immunoinhibitory (M.J.H., R.D.N., unpublished observa- 
tions, 1987), we sought to determine if oligomeric catabolites 
of Candida mannan might share this property. Short-chain 
mannose containing oligomers were generated from CTAB- 
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Fig 1.— Effects of copper-precipitated (Fehling'sreagent) and cetyltri- 
methylammonium bromide (CTAB)—complexed'mannans on prolifer- 
ation of peripheral blood mononuclear cells in vitro. The results shown 
are from a single experiment but are representative of the results 
found in two additional independent experiments. 
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Fig 2.—Effects of treatment with chelating resin to remove copper on 
the ability of Fehlings mannan to stimulate proliferation of peripheral 
blood mononuclear cells in vitro. The results shown are from a single 
experiment but are representative of the results found in three addi- 
tional independent experiments. 


complexed C albicans mannan by degradation with weak 
alkali and isolated by gel-filtration chromatography. The 
chromatogram repreduced in Fig 3 identifies primary peaks 
corresponding to oligomers of 2 (I), 3 (II), and 5 (ITI) sugar 
residues in length. 

Data in the Table describe the immunomodulatory proper- 
ties of the oligomeric species produced by 8 elimination of 
Candida mannan. None of the oligomers was observed to 
stimulate lymphoprcliferazion, but all were found to be potent 
inhibitors of Candida antigen-stimulated lymphoprolifera- 
tion. For this experiment, the 50% inhibitory dose was great- 
er than 500 mg/L for the disaccharide, 225 mg/L for the 
trisaccharide, and 30 mg/L for the pentasaccharide. Over four 
experiments, the 50% inhibitory dose values have ranged 
from 400 to 700 mg/L, 225 <0 600 mg/L, and 30 to 150 mg/L for 
the disaccharide, trisaccharide, and pentasaccharide, respec- 
tively. In other experiments, we have determined that these 
oligomers have minimal influence on mitogen-stimulated lym- 
phoproliferation (data not shown). 

To determine if oligomers of similar size could be produced 
from mannan in vive, we have characterized the products of 
mannan degradation by human monocytes as mononuclear 
cells. For this experiment, we incubated tritiated mannan 
with cells for 7 days and assayed the cell-free supernatant 
fluid for the presence of tritiated oligosaccharides. The 7-day 
incubation period was chosen only to establish that monocytes 
do degrade mannan into small oligosaccharides. The gel- 
filtration chromatogram in Fig 4 illustrates that monocyte- 
derived catabolites of mannan include a dimer, a tetramer, 
and an oligomer larger than hexamer. 

To begin to identify the mechanism of oligomer-mediated 
inhibition of antigen-stimulated lymphoproliferation, we 
tested the influence of the Candida mannan-derived penta- 
saccharide on IL-2-driven proliferation of CTLL-20 cell line 
cells. This experiment was identified because of the critical 
mitogenic role played by this lymphokine in antigen-stimu- 
lated lymphoproliferation.”” Data in Fig 5 illustrate that the 
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160 


Fraction, No. 





Fig 3.—P-2 gel-filtration chromatogram of the oligosaccharides pro- 
duced by weak-alkali degradation of cetyltrimethylammonium bro- 
mide mannan. The peaks obtained correspond to oligosaccharides of 
2 (I), 3 (ll), and 5 (Ill) sugar residues in length, determined using 
mannose, sucrose, and raffinose as sizing standards. OD indicates 
optical density at 490 nm. 


pentasaccharide did not inhibit proliferation of the cell line 
cells driven by recombinant IL-2 (P>.05 for inhibition), sug- 
gesting that the oligosaccharides do not suppress antigen- 
stimulated lymphoproliferation in vitro by interfering with 
IL-2 activity. 


COMMENT 


We have described immunomodulatory effects of cell wall 
mannan and chemical catabolites of mannan derived from C 
albicans. Mannans prepared using two alternative agents for 
isolation (copper sulfate or CTAB) were found to be effective 
antigens in terms of stimulation of lymphoproliferation of 
human mononuclear leukocytes in vitro (Fig 1). This immun- 
ostimulatory property of the Candida mannans contrasts 
with the failure of mannan prepared from bakers’ yeast to 
stimulate lymphoproliferation. Failure of CTAB mannan to 
inhibit antigen-stimulated lymphoproliferation (data not 
shown) also contrasts with the immunoinhibitory property of 
bakers’ yeast mannan.“ 

The antigenic properties of the two Candida mannans were 
determined to be different in terms of the peak level of 
lymphoproliferation (Fig 1); CTAB mannan was more anti- 
genic than the copper-precipitated mannan. This difference 
was reduced when the amount of copper bound to the Feh- 


7 


ling’s mannan was depleted (Fig 2). An immunoinhibitory -= 


influence of copper has been shown to be attributable to 
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It 1100$+95 526 +88 

ll 508 + 66 609 +84 

Ill 742 +66 999 +47 
CA§ +I 14732 +789 16 858 + 1342 
CA +I 16932 + 1302 17 982 +2187 
CA + IlI 7243| + 1475 5616|| +430 





*Values are expressed as counts per minute + SEM. 
tCorrespomds to peak numbers given in Fig 3. 


Effect of Mannan-Derived Oligosaccharides on Candida Antigen—Stimulated Lymphoproliferation In Vitro 
Oligosaccharide Concentration at* 
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16082 + 160 20771 + 1484 13379 + 1651 
15277 +1490 4398|| + 199 4497||+ 389 
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The results shown are from a single experiment but are representative of the results found in two additional independent experiments. 


§Control value for Candida antigen (CA) stimulation is 15807 + 3242. 
|| P<.05 on comparison to control using Dunnett's t test. 
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Fig 4.—P-2 gel-filtration chromatogram of the oligosaccharides re- 
leased into the culture supernatant after incubation of tritiated mannan 
with peripheral blood nuclear cells for 7 days. 


catalysis of dismutation of superoxide to hydrogen peroxide,’ 
a reagent known to be toxic for T lymphocytes.” Failure of 
copper depletion to restore full antigenicity to Fehling’s man- 
nan may be related to removal of antigenic O-linked oligosac- 
charide side chains by the alkaline pH of Fehling’s reagent, a 
reaction known to chemists as B elimination.” These findings 
demonstrate the importance of method in the isolation of 
mannan as an antigen and suggest that O-linked side chains 
may contribute substantially to the antigenicity of Candida 
mannan. 

Three oligosaccharides derived from CTAB mannan by 
chemical catabolism did not share the immunomodulatory 
properties of the parent molecule. The disaccharide, trisac- 
charide, and pentasaccharide tested were not antigenic but 
were inhibitory for antigen-stimulated lymphoproliferation 
(Table). This immunosuppressive property of Candida man- 
nan—derived oligosaccharides represents a novel finding. We 
suggest that similar oligosaccharides produced in vivo may 
contribute to the depression of cell-mediated immunity asso- 


ciated with chronic candidiasis. We also suggest that this 


phenomenon provides a significant clue to the basis of the 
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Fig 5.—Effect of cetyltrimethylammonium bromide mannan—derived 
pentasaccharide on recombinant interleukin 2 (riL-2)—stimulated pro- 
liferation of CTLL-20 cell line cells. The results shown are froma single 
experiment but are representative of the results found in two additional 
independent experiments. 


chronicity of certain Candida infections. Immunoinhibitory 
mannan-derived oligosaccharides are not likely to be effective 
antigens for generating neutralizing antibody because of their 
small size” and self-mimicry, such as the immunoinhibitory 
mannose-containing dimer found in the urine of pregnant 
women.” Furthermore, the oligomers may not be recognized 
by antibodies produced in response to intact mannan. In fact, 
antimannan antibodies may even be a disadvantage to the 
host through promotion of uptake and catabolism of circulat- 
ing mannan for fungus. 

The mechanism of oligomer-mediated immunosuppression 
remains to be identified, although evidence describing that 
the response of cell line cells to IL-2 is not affected by oligomer 
(Fig 5) suggests that the oligosaccharides do interfere with 
IL-2 activity. The structural features of the oligomers re- 
quired for immunosuppression also remain to be identified. 
The different inhibitory potencies of the three oligomers 
tested (pentamer>trimer>dimer) indicate that size is impor- 
tant, but it is also possible that the sugar-sugar linkage affects 
oligomer function. From studies of mannan structure by Bal- 
lou,” we can anticipate that each of the catabolites prepared 
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contains a mixture of oligomeric species differing in terms of 
a(1-2) and a(1-3) sugar-sugar linkages. 

We believe that mannan catabolites of similar structure and 
function are also produced in vivo in patients with chronic 
candidiasis because such patients are known to have mannan 
in their systemic circulation.’ It seems reasonable to expect 
that circulating mannan is cleared by fixed phagocytes, cireu- 
lating phagocytes, or both, and that small oligomeric species 
could reenter the circulation to affect cell-mediated immune 
function at the systemic level. Evidence that this may be true 
is provided by our observation that mannan is catabolized by 
human monoeytes as mononuclear leukocytes and that catab- 
olites similar in size to the chemically derived oligomers are 
released into the cell culture medium. We recognize that the 


comparable size of monocyte catabolites of mannan and chem- 
ically derived oligosaccharides does not establish that immun- 
oinhibitory oligosaccharides are produced in vivo. Our find- 
ings certainly suggest this possibility, but proof will require 
isolation of the cell-derived degradation products and testing 
for inhibitory effects. 
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Invited Commentary 


Podzorski et al have addressed a problem of increasing clinical 
importance. The occurrence of nonbacterial infections in surgical 
patients has increased as the effective spectrum of antibiotics has 
increased; and, as improved critical care has increased, the sur- 
geon’s ability has improved to provide long-term support of eriti- 
cally ill and severely injured patients with multiple organ failure. 
The susceptibility to infection in such patients has been attributed 
to the immunosuppressive effects of injury and other physiologic 
stresses, but it has been difficult to distinguish the cause-and- 
effect relationship between immunosuppression and infection. 
Podzorski et al have found that certain oligosaccharides produeed 
by in vitro chemical degradation of mannan inhibit lymphoproli- 
feration and they suggest that such fungal catabolites may con- 
tribute to the suppression of cell-mediated immunity in patients 
with candidiasis. In support of that hypothesis, they indicate that 
“similar-sized” oligomers were produced when human monocytes 
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were incubated for 7 days with mannan. It seems, however, from 
their data as ifinhibition of lymphoproliferation is strongly related 
to oligomer size. Since it was the trisaccharide and pentasacchar- 
ide oligomers produced by chemical degradation that effected the 
greatest immunosuppression and since the oligomers produced by 
the incubated monocytes as indicated in Fig 4 were either smaller 
or larger, the clinical relevance of their findings remains uncer- 
tain. Identification of circulating mannan oligomers in patients 
with candidiasis will strengthen these authors’ case, as will dem- 
onstration that the monocyte-produced oligomers exert immuno- 
suppressive effects comparable with those of the chemical degra- 
dation products. It is hoped that future studies by these authors 
will provide such confirmation and direct us toward effective 
therapeutic intervention. 

BASIL A. PRUITT, JR, MD 

San Antonio, Tex 
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Risk Factors for Acute Pancreatitis in 
Patients With Migrating Gallstones 


Alejandro Oria, MD; Juan Alvarez, MD; Luis Chiappetta, MD; Juan J. Fontana, MD; 
Mario lovaldi, MD; Alberto Paladino, MD; Ricardo Bianchi, MD; Bernardo Frider, MD 


e Stool screening for gallstones and ultrasound monitoring of 
diameter changes of the biliary and pancreatic duct were per- 
formed in 129 patients with choledocholithiasis. Gallstone mi- 
gration was found in 44 patients, all of whom were operated on 
electively. At surgery, acute pancreatic lesions were found in 16 
patients; in the remaining 28 there was no evidence of pancreatic 
inflammation. There were no significant differences among pa- 
tients in both groups regarding sex, age, stone size, shape or 
number found in stools, interval between admission and migra- 
tion, or the presence of a dilated pancreatic duct before migra- 
tion. Pancreatic duct reflux, however, was significantly more 
frequent in cholangiograms of patients with acute pancreatitis, 
implying that a common channel may be a major factor relating to 
acute pancreatitis in patients with migrating gallstones. 

(Arch Surg. 1989;124:1295-1296) 


R ecent studies have identified several risk factors for 
acute biliary pancreatitis, such as the presence of small” 
and faceted‘ gallstones, a wide cystic duct,”* a common chan- 
nel,”’ and a hypotonic sphincter of Oddi.* Nonetheless, control 
groups in these studies comprised a wide spectrum of patients 
operated on for cholelithiasis without evidence of acute pan- 
creatitis. Therefore, risk factors identified may merely re- 
flect a favorable disposition for gallstone migration, a condi- 
tion commonly associated with acute pancreatitis.*” 

Gallstone migration, however, does not necessarily lead to 
acute pancreatitis. In a previous report,” we found that gall- 
stone migration without operative evidence of acute pancre- 
atitis was not uncommon in patients with choledocholithiasis. 
Thus, patients with gallstone migration without acute pan- 
creatitis provide a unique control group for separating risk 
factors relating to pancreatic inflammation from those perti- 
nent to a favorable disposition for gallstone migration. 

In this study, we have prospectively investigated risk fac- 
tors for acute pancreatitis in patients with migrating gall- 
stones associated with acute pancreatitis and migrating gall- 
stones alone. 


PATIENTS AND METHODS 


From January 1, 1986, to November 1, 1988, 378 patients with 
acute upper abdominal pain secondary to cholelithiasis were admitted 
to the hospital. Ultrasound performed at admission disclosed 153 
patients with a bile duct measuring 7 mm or more, all of whom were 
included in the present study. Patients with a previous cholecystecto- 
my, a clinical picture of cholangitis, alcoholism, or other associated 
diseases were excluded. 

Stool screening was started at admission and performed by the 
technique described by Acosta et al,” filtering the stools through a 1- 
mm pore steel basket. Ultrasound monitoring of biliary and pancre- 
atic duct diameter was performed every 24 hours using high-resolu- 
tion real-time equipment (Aloka SSD-280LS, Aloka Co Ltd, Tokyo, 
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Japan) with 3.5-MHz and 5-MHz transducers. The examinations 
were performed with the patients in supine and semierect positions, 
and the pancreas was visualized in transverse, longitudinal, and 
oblique scans. 

For optimal scanning of the pancreatic head and distal bile duct, 60 
to 100 mL of water was administered through a nasoduodenal tube 
weighted with a mercury bag and positioned into the second portion 
of the duodenum under fluoroscopic control. As outlined in a previous 
report,” migration time was determined by a 50% decrease in bile 
duct caliber within 48 hours. The pancreatic duct was considered 
dilated if it measured 2 mm or more and was clearly visualized in two 
or more parts of the gland.” Routine laboratory tests, liver function 
studies, and total serum amylase determinations were performed at 
admission and repeated twice weekly. Hyperamylasemia was consid- 
ered present when total serum amylase proved at least threefold the 
normal upper range for our laboratory. Ranson’s* prognostic criteria 
for acute biliary pancreatitis were determined at admission in pa- 
tients with a suspected diagnosis of acute pancreatitis, and repeated 
every 3 days. 

All patients were initially treated with intravenous fluids, broad- 
spectrum antibiotics, and common analgesics, as well as nasogastric 
intubation if necessary. Surgery was performed at least 7 days after 
admission, unless acute cholangitis or progressive jaundice prompted 
an urgent operation. Cholecystectomy, examination of the pancreatic 
area for evidence of acute pancreatitis, and operative cholangiogra- 
phy were performed throughout. Cholangiography was performed 

y cannulation of the cystic duct or by direct needle puncture. The 


Statistical Analysis of Two Groups of Patients 
With Gallstone Migration 





Patients Patients 
With Without 
Pancreatitis Pancreatitis Significance 
(n= 16) (n= 28) P Value* 









Age, y (mean + SEM) 40.3+4.3  39.8+36 NSt 
M/F 4/12 7/21 NSt 


Size of stones in stools, 








mm (mean + SEM) 3.6+0.6 3.2+0.4 NSt 
No. of stones in stools 
(mean + SEM) 3.0+1.3 2.0+0.5 NSt 






Faceted stones 11 17 NSt 
Rounded stones 5 11 NSt 


Interval between admission 
and migration, d 
(mean + SEM) 2.1 +0.45 2.6+0.4 N 


St 
Dilatation of pancreatic duct 8 13 NSt 


Total serum bilirubin, 

>34.2 mol/L 6 12 NSt 
Hyperamylasemia 16 6 P<.01ł 

Pancreatic duct reflux§ 7 P<.01t 












11 





*NS indicates not significant. 

tStudent'’s t test. 

x? test. 

§One patient with acute pancreatitis was excluded due to inconclusive 
evidence of pancreatic duct reflux. 
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contrast medium, 30% diatrizoate sodium, was injected slowly by 
hand, under flucroseopic control. Two films were taken, one after 
injecting 6 mL of the contrast medium and the other after injecting 12 
mL of the contrast medium. The presence of pancreatic duct reflux in 
operative cholangiograms was assessed by an observer unaware of 
the clinical diagnosis. 

Data were analyzed for statistical significance by the x” test with 
— correction and unpaired Student’s t test for independent 
samples. 


RESULTS 


Gallstone migration was found preoperatively in 44 pa- 
tients, all of whom underwent elective surgery. Operative 
evidence of acute pancreatitis was found in 16 patients. Of 
these, 13 showed a hard pancreas with areas of fat necrosis. In 
the remaining 3, there was an irregular, hard, and adherent 
pancreas, although fat necrosis was absent. Only 1 patient 
exhibited more than one prognostic sign at admission, and 
none of the 16 patients showed clinical worsening as assessed 
by Ranson’s criteria during the preoperative period. Residual 
choledocholithiasis was found at surgery in 1 patient; in the 
other 15 patients, the bile duct had been cleared of stones. 
Cholesterol gallstones were found in stools of all 16 patients. 

In the remaining 28 patients with gallstone migration, 
there was no evidence of acute pancreatitis at surgery; an 
intact lesser sac, a normal gland consistency, and absence of 
fat necrosis were found throughout. Cholesterol gallstones 
were found in 26 patients and pigmentary gallstones in the 
remaining 2 patients. Residual choledocholithiasis was found 
in 1 patient. 

Statistical analysis of clinical data in the two groups of 
patients is shown in the Table. Apart from hyperamylasemia, 
a significant difference was only found in the prevalence of 
pancreatic duct reflux (x°=9.87; P<.01). Among patients 
without acute pancreatitis, six of seven with pancreatic duct 
reflux also showed hyperamylasemia before migration. 

Negative stool screening and choledocholithiasis at surgery 
were found in 85 patients. In this group, 8 patients were 
operated on within 4 days after admission: 5 for acute cholan- 
gitis and the remaining 3 for rapidly increasing serum biliru- 
bin values. In another 4 patients, lesions of acute pancreatitis 
were found at surgery: 1 had three positive prognostic signs 
and the other 3 had none. Of the 81 patients in this group 
without pancreatitis, bile duct stones measuring less than 5 
mm were found in 25, 7 of whom showed pancreatic duct 


reflux. This prevalence rate of pancreatic duct reflux was 
significantly less than in patients with gallstone migration 
and acute pancreatitis (x°= 7.78; P<.01), although similar to 
cases of gallstone migration without pancreatitis (x°=0.06; 
not significant). 

Negative stool screening and absence of choledocholithiasis 
at surgery were found in the remaining 24 patients, 4 of whom 
had acute pancreatitis at surgery. 


COMMENT 


In contrast to previous reports evaluating risk factors for 
acute pancreatitis, this study focused on patients with gall- 
stone migration, an accepted mechanism for the induction of 
acute pancreatitis.” In our series, gallstone migration was 
found in one third of all patients admitted with choledocholith- 
iasis, 36% of whom had operative evidence of acute pancreati- 
tis. There were no significant differences between patients 
with and without pancreatitis with respect to sex, age, stone 
size, stone shape or number found in stools, interval between 
admission and migration, or the presence of a dilated pancre- 
atic duct prior to migration. Pancreatic duct reflux, however, 
was significantly more frequent in patients with gallstone 
migration and acute pancreatitis. 

Pancreatic duct reflux indicates a communication between 
the bile duct and Wirsung’s duct. Although a common channel 
has been described in 74% to 90% of human postmortem 
studies,”"* pancreatic duct reflux has normally been found in 
less than 40% of intraoperative cholangiograms.”*”’ An in- 
creased prevalence of pancreatic duct reflux has been re- 
ported in patients with acute gallstone pancreatitis,""" sup- 
porting the “common channel theory” described by Opie.” 
The findings in our study are in close agreement with this 
concept. Obstruction of the lower end of the common bile duct 
due to a gallstone in patients with predisposition for pancreat- 
ic duct reflux may well be a mechanism for the induction of 
acute pancreatitis. 

A final issue relates to persistent ductal obstruction in 
patients with acute pancreatitis and migrating gallstones. 
Although no signs of clinical worsening could be detected from 
admission to gallstone migration, no matter how long the 
interval, further studies with a greater number of patients 
are required to pinpoint the significance of persistent ductal 
obstruction in acute pancreatitis associated with migrating 
gallstones. 
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Soft-Tissue Sarcomas of the Proximal 


Lower Extremity 


Constantine P. Karakousis, MD, PhD; Lawrence J. Emrich, PhD; Deborah S. Vesper, RN 


@ Of 54 patients with soft-tissue sarcomas of the proximal part 
of the lower extremity, 2 patients (4%) were treated with amputa- 
tion, while 52 patients (96%) were treated with limb-preserving 
resection. Adjuvant postoperative irradiation was applied selec- 
tively when the minimum margin was less than 2 cm (22 patients). 
Technical improvements in exposure, resection of involved ves- 
sels or nerve, and preservation of function permitted a high rate 
of limb salvage with satisfactory function. At a median follow-up 
of 30 months for those subjects still alive, the 5-year disease-free 
survival rate was 65%, and only 3 patients (6%) had had a local 
recurrence. 

(Arch Surg. 1989;124:1297-1300) 


n the last decade, there has been a progressive emphasis on 

limb salvage in soft-tissue sarcomas. This has been accom- 
plished through more conservative surgery in combination, in 
some situations, with other modalities, eg, adjuvant radiation 
and/or intra-arterial chemotherapy. The preliminary results 
are encouraging in the sense that excellent local control can be 
achieved with the use of a combination of modalities while the 
extremity is preserved with good function.” 

In the past, when reliance was placed on surgery alone, the 
rate of amputation was in the range of 40%‘ to 47%.° In the 
remaining patients, a compartmental resection was advised 
when this was feasible. 

Presently, it is not clear how the resection should be per- 
formed. Is local excision acceptable because of the plan to use 
other adjuvant modalities? Is involvement of a vessel or nerve 
an indication for amputation, as was believed in the past? 
What is the functional state of the extremity after conserva- 
tive surgery, and is this altered or is residual function signifi- 
cantly better than that after an amputation? Surgery in the 
context of a combination of modalities is undergoing an evolu- 
tion and a redefinition. 

Each anatomic area presents its own technical problems in 
the resection of tumors. Since function relates to structure, 
functional postoperative effects can also be discussed accord- 
ing to anatomic region. 

In the article, our experience with 54 consecutive cases of 
sarcomas of the proximal part of the lower extremity is pre- 
sented. “Limb salvage” resection here means simply resec- 
tion preserving the limb, and not necessarily limb-preserving 
resection in the presence of a tumor that would require an 
amputation if one were to depend on the surgical treatment 
alone. The extent of true limb salvage currently practiced, 
however, can be deduced by comparing the current rate of 
amputation with the rate of amputation practiced in the past. 


PATIENTS AND METHODS 


The proximal part of the lower extremity is defined herein, in 
conformity with anatomic texts, as the area of the iliac fossa and the 
wall of the lesser pelvis, groin, thigh, and buttock. This definition 
allows a true evaluation of the limb salvage rate because tumors in all 
of the above areas are amenable to treatment with hemipelvectomy 
or a lesser amputation. 
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Patient Characteristics 


In the period from 1977 through 1983, 54 patients with sarcomas of 
the proximal portion of the lower extremity were treated at our 
institute. There were 27 male and 27 female patients. Taeir mean age 
was 52 years; the median age was 56 years (range, 17 tc89 years). 

Nineteen patients had liposarcomas, 11 had malignant fibrohistio- 
cytoma, 5 had unclassified type, 4 each had leiomyosarcoma and 
fibrosarcoma, 3 each had rhabdomyosarcoma and synovial sarcoma, 2 
had neurogenic sarcoma, and 1 each had malignant schwannoma, 
hemangiopericytoma, and extraosseous osteogenic sarsoma. 

On admission to the hospital, the tumor was intact without biopsy 
in 10 patients (19%), a biopsy had been performed esewhere in 9 
patients (17%), a partial resection had been performee in 7 patients 
(13%), a “complete” resection had been done in 18 patieats (33%), and 
the tumor was recurrent in 10 patients (19%). Patients referred after 
“complete” resection were reoperated on at our institute to obtain a 
wider margin; at reoperation, 11 patients (61%) had gvoss or micro- 
scopic residual. 

Seventeen patients had grade 1 tumor, 12 patients had grade 2 
tumor, and 25 patients had grade 3 tumor. The size of the tumor was 5 
cm or greater in 42 patients and less than 5 cm in 12 patients (mean, 
10.9 em). 


Treatment 


Wide resection was attempted in all patients. Whemthe minimum 
margin around the tumor was less than 2 em (22 patients [41%)), 
adjuvant postoperative irradiation was administered Resection of 
muscles was performed from origin to insertion. 

In nine patients, the tumor involved the external ikac or femoral 
vessels; en bloc resection of the tumor, adjacent muscles, and vessels 
was performed in all, and the vessels were replaced with vascular 
grafts. 

Two patients (4%) were treated with amputation. Ir both of these 
patients there was extensive involvement of the scft tissue and 
adjacent joint (knee in one and hip in the other). 

Adjuvant postoperative irradiation, when used (22 vatients), was 
initiated 2 to 3 weeks after the operation. The field was planned to 
cover the whole operative field initially, but after 40 Gy it was 
restricted to a smaller area, which covered the site of the narrow 
margin. A total tumor dose of 45 to 60 Gy over 4!/⁄2 te 6 weeks was 
delivered by means of a fractionation schedule of 2 Gwd, 10 Gy/wk. 
The dose of 45 Gy was employed in the area of the iliac dssa, while 60 
Gy was used for the areas of thigh and buttock. 


Technical Considerations 


Tumors in the iliac fossa, area of the external iliac vessels, or wall of 
the lesser pelvis were exposed and resected through the abdominoin- 
guinal incision." This incision permits the exposure aad resection of 
tumors in this region that were considered unresectab]+ in the past or 
were managed with hemipelvectomy (Figs 1 and 2). 

Removal of the iliopsoas muscle does not impair ambulation or 
other ordinary activities. 

For tumors in the area of the groin, a modification ofthe technique 
of radical groin dissection? or the abdominoinguina incision was 
employed. In this area, resection of the iliofemoral vessels and/or the 
inguinal ligament with a portion of the anterolateral dominal wall 
muscles may be required (Figs 3 and 4). More recently, for full- 
thickness defects in the groin we have used successfully the contralat- 
eral rectus abdominis muscle with the posterior sheath, based on the 
inferior epigastric vessels, with immediate applicatior of split-thick- 
ness skin graft. 
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Fig 1.— Malignant fibrous histiocytoma in the right iliopsoas muscle. 
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Fig 2.—Operative field after resection of the tumor shown in Fig 1. Six 
years later, the patient was:disease free. 
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Fig 3.—Operative field after resection of a synovial sarcoma in the left 
groin. The iliac and femoral vessels have been resected and replaced 
with vascular grafts. En bloc resection of the iliac and inguinal nodes 
and the superficial layer of adductor muscles was also performed. 
Surrounded with vessel loops medial to the grafts is the obturator 
nerve and, lateral to them, the femoral nerve. 


For tumors in the anterior compartment, a radical resection was 
performed with removal of nearly the entire quadriceps muscle ex- 
cept for the distal half or third of the vastus medialis, which was 
preserved with intact innervation (Fig 5). This maneuver allowed 
early active extension of the knee at about 4 weeks after the operation 
and normal ambulation without support. Occasionally, for a tumor 
involving the vastus medialis, the vastus lateralis was preserved with 
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Fig 4.—Same patient as in Fig 3. The defect in the lower abdominal 
fasciae has been replaced with knitted polypropylene (Marlex) mesh. 
The grafts are covered by the mobilized sartorius muscle. 


Branch to Distal 
R Vastus Medialis Muscle 


Fig 5.—After resection of rhabdomyosarcoma involving the quadri- 
ceps muscle. The distal third of vastus medialis has been preserved 
with intact innervation. The branch to vastus medialis is surrounded 
with a vessel loop. 


intact innervation while the rest of the quadriceps was resected. In 
anterior compartment resections, a long incision from the anterior 
superior iliac spine to above the patella was performed. Flaps were 
raised as necessary. The femoral nerve was identified below the 
inguinal ligament, lateral to the femoral artery, immediately posteri- 
or to the eontinuation of the iliac fascia. 

The iliac fascia, more medially, forms the posterior aspect of the 
sheath enveloping the femoral vessels. The femoral nerve, 3 to 4 cm 
below the inguinal ligament, divides into branches. Some of them 
coursing anteriorly, sensory to the skin of the anterior thigh, can be 
sacrificed; there is a long, slender, motor branch coursing medial to 
the quadriceps and entering the distal half of the vastus medialis (Fig 
5) and often a smaller branch entering the proximal half of this 
muscle. The branches to the rectus femoris, vastus intermedius, and 
lateralis form a bundle of nerves, which take off from the femoral 
nerve proximally, course under the tendinous portion of the straight 
head of the rectus femoris, and then diverge to supply the heads ofthe 
quadriceps. 

Proximal exposure of the femoral nerve and dissection of its 
branches is a key anatomie point in performing a modified anterior 
compartment resection with preservation of extensor function. In 
two patients, referred after multiple recurrences and extensive tu- 
mor, the entire anterior compartment was removed; the extensor 
function was lost, and even after extensive rehabilitation for 6 
months, their gait remained hesitant, although they too managed to 
ambulateultimately without any support. 

Sarcomas in the medial compartment were resected with the re- 
moval of the entire compartment. This caused no disability in ordi- 
nary activity. 

Sarcomas infiltrating the wall of the external iliac or femoral ves- 
sels were treated with en bloc resection of the adjacent muscles and 


Soft-Tissue Sarcomas—Karakousis et al 


the appropriate length of the involved vessels. The vessels were 
exposed proximal and distal to the tumor and were surrounded with 
vessel loops. The soft-part resection around the tumor proceeded as 
usual until the specimen was free, save for the proximal and distal 
attachment to the vessels. Intravenous heparin (5000 U) was then 
given, the vessels were clamped with vascular clamps proximally and 
distally, they were sharply divided, and the specimen was removed. 
Vascular reconstruction for the large vessels of this area was simple. 

Tumors located in the posteromedial portion of the thigh were 
approached through an anteromedial incision with the patient in a 
supine position. ® “° This allowed exposure of the femoral vessels 
and identification of the sciatic nerve through an anterior approach 
after division of the insertion of adductor muscles. The sciatic nerve 
was found on the posterior surface of adductor magnus after division 
of its insertion to linea aspera. Combined resection of the medial and 
posterior compartments does not affect ordinary walking. 

Tumors located in the lateral aspect of the thigh were treated by 
removing a portion of the quadriceps muscle (vastus lateralis or 
vastus lateralis—rectus femoris—vastus intermedius muscles) and the 
biceps femoris. 

Tumors located in the buttock were removed by means of a longitu- 
dinal incision from the iliac crest to the upper posterior pcrtion of the 
thigh.“ This incision allows wide development of flaps and the 
resectionof gluteus maximus muscle from origin to insertion. In a few 
cases with a large tumor located in the proximal part of the buttock, 
the gluteus medius and minimus muscles were also removed. A 
longitudinal incision, instead of a transverse one advocated by other 
authors, permitted early identification of the sciatic nerve in the 
upper posterior part of the thigh, made for a more deliberate dissec- 
tion, and allowed a more radical resection. Removal of the gluteus 
maximus muscle does not cause any disability in ordinary activity. 

Tumors in the posterior compartment of the thigh were managed 
by removing the entire compartment, ie, semitendinosus, semimem- 
branosus, and biceps femoris muscles. With the entire compartment 
removed, the patient can still flex the knee by virtue of the two heads 
of gastrocnemius (also sartorius and gracilis muscles). 

In tumors of the posterior compartment, the sciatic nerve is not 
usually involved. Occasionally, for a tumor arising from or invading 
the sciatic nerve, the latter was resected along with the posterior 
compartment in preference to an amputation. In this case, the pa- 
tients had normal hip joint function and were able to extend and flex 
the knee against gravity, the latter action apparently through the 
effect of sartorius and gracilis muscles. There was sensation in the 
front of the leg by virtue of the saphenous branch of the femoral 
nerve. The foot and calf had no sensation. The net motor effect, as far 
as walking is concerned, was that of the foot drop, whieh was easily 
corrected with the use of an orthotic device permitting normal ambu- 
lation without any external support. The functional result was far 
superior to that of an amputation. 

In all the patients, at the completion of the operation, a closed- 
system wound drainage (Hemovac, Snyder Laboratories, Dover, 
Ohio) was inserted. 


RESULTS 


Limb-preserving resection was carried out in 52 patients 
(96%). Only 3 patients (6%) had a local recurrence, 1 at 19 
months, 1 at 31 months, and 1 at 71 months. The first of these 
patients had a malignant fibrous histiocytoma of the medial 
compartment of the right thigh, which was treated with 
medial compartment resection and adjuvant postoperative 
radiation. The second patient had a neurogenic sarcoma in the 
area of the right vastus lateralis, which was treated with 
surgical resection alone. The third patient had a hemangio- 
pericytoma in the area of the left groin, which was treated 
with resection alone. 

None of the nine patients with vessel resection and recon- 
struction had a local recurrence. Both artery and vein were 
replaced with vascular polytef (PTFE) (Gore-Tex, W. L. 
Gore & Associates Inc, Flagstaff, Ariz) grafts. Synthetic 
grafts were used to replace the missing venous segment also 
in the hope that the high venous flow ofa large-bore vein, such 
as the iliac or femoral vein, would sustain the patency of the 
graft. While all arterial grafts have remained patent, all 
venous grafts have clotted in a period ranging from a few days 
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Fig 6.—Estimated percentage surviving disease free for 54 patients 
with soft-tissue sarcomas of the proximal part of the lower extremity. 


to 4 months after the procedure. Clotting of the veneus graft 
became evident through swelling of the leg and was proved by 
venography. It was treated with anticoagulation, leg eleva- 
tion, and elastic support; on long-term follow-up, the leg 
swelling has ranged from none to moderate. The use of a 
venous polytef (Gore-Tex) graft may have helped in these 
patients in allowing time for the development of collateral 
venous circulation as the graft gradually occluded. Since the 
last year of this review (1983), in three patients with involve- 
ment of the external iliac vein, the latter was resected with 
ligation of the proximal and distal stumps. In all three pa- 
tients, fairly massive edema of the ipsilateral extremity ap- 
peared within hours after the operationand gradually reced- 
ed with the use of leg elevation for 2 to 3 weeks and then 
elastic support. None of these three patients developed tense 
edema or required fasciotomy. This experience with the use of 
synthetic venous grafts suggests that replacement of large 
veins is done best with other venous segments, eg, the contra- 
lateral great saphenous vein, although disparity in size with 
the vein to be replaced and procurement of a sufficiently long, 
20- to 30-cm segment may be problems in some patients. 

When reviewed, the median interval since the operation for 
those patients still alive was 30 months (range, 3 to 99 
months). 

The estimated 5-year disease-free survival rate was 65% 
(Fig 6). 

With the development of flaps and extensive muscle resec- 
tion in the thigh, there was considerable lymph drainage 
through the catheters in the wound, in the range of 300 to 400 
mL per 24 hours during the first few days. The suction 
catheters were removed when the 24-hour drainage de- 
creased below 100 mL, preferably below 50 mL per 24 hours, 
which occurred 1 to 4 weeks after the operation. 

There were no long-term complications except in two pa- 
tients who experienced moderate lymphedema of the lower 
extremity with the combination of extensive resection and 
postoperative irradiation. 


COMMENT 


In a review of patients treated at our institute in the period 
from 1965 through 1975, the local recurrence rate after local 
excision was 65%; after wide excision, 36%; and after amputa- 
tion, 8%.* In a review from another center, the rate of local 
recurrence after wide excision was 28%, and after amputa- 
tion, 7%.° The 5-year survival rate for extremity sarcomas 
was 50%‘ to 55%.° In another series, the rate of local recur- 
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rence was 17%, but among those who had an adequate surgi- 
cal procedure (either radical local resection or amputation) it 
was 2%.” These results were obtained with surgery alone. 

Modern series of limb salvage with combination of modal- 
ities have shown that the 5-year local recurrence rate can be 
contained in the range of 6% to 22.3%. ™" 

We used a selective approach with our patients emphasiz- 
ing surgical resection. An effort was made to obtain a wide 
margin all around the tumor. The muscles were removed from 
origin to insertion, which amounts usually in the area of the 
thigh to a compartment resection, with the exception of the 
anterior compartment, in which it is usually possible to pre- 
serve the distal one third to half of vastus medialis with intact 
innervation without compromise on the margins. For tumors 
located eccentrically, a modification of this principle may be 
advisable. For example, a tumor located in the substance of 
vastus lateralis may best be removed with resection of the 
rectus femoris, vastus intermedius, vastus lateralis, and bi- 
ceps femoris (ie, having an intact muscle all around the tumor 
as margin). There is considerable functional reserve in the 
muscles of the extremity and considerable bulk in the proxi- 
mal portion of the lower extremity, and it is therefore possible 
to remove several muscles or an entire compartment (eg, 
medial and/or posterior compartment of the thigh) without 
appreciable functional deficits. However, in performing limb 
salvage, major functional structures such as amajor nerve or 
bone must be preserved, if not invaded directly by tumor. It is 
our policy to limit in the vicinity of such structures the margin 
of resection if a grossly clean plane between the mass and the 
functionally important structure can be maintained without 
violation of the principle of en bloc resection. Thus, even in 
our cases found to have a margin less than 2 em (treated 
postoperatively with adjuvant radiation), this narrow margin 
concerned only a limited area of the specimen adjacent to a 
functionally major structure. 

Surgery in the context of a combination of modalities is 
neither radical nor conservative. It is in a sense discriminat- 
ing, procuring wide margins around the tumor in the direction 
of relatively dispensable structures while the margins are 
restricted near functionally important structures. It requires 
thorough knowledge of the gross and functional anatomy and 
often taxes the ingenuity of the surgeon, making necessary 
the development of new approaches. Patients having had 
biopsy, partial or “complete” resection, or locally recurrent 
tumor before their referral, as was true of 81% (44/54) of our 
patients, occasionally present problems due to previously 
used inappropriate incisions or contamination of planes. Our 
policy to reoperate on patients referred from smaller centers 
with “complete” resection is justified, since 61% (11/18) of 
such patients had gross or microscopic residual tumor. 

Our results indicate that selective application of a combina- 
tion of modalities is feasible in the proximal part of the lower 
extremity affected by a soft-tissue sarcoma. The rate of limb 
preservation is about 95% (52/54), and only 3 (6%) of 54 
patients had a local recurrence. 

One may now attempt to answer the questions posed in the 
introduction, although the answers have a tentative charac- 
ter. In our opinion, local excision in combination with other 
adjuvant modalities is not the treatment of choice in anatomic 
areas amenable to wider or compartmental resection. The 
surgical approach outlined above is preferable because (1) it 
renders unnecessary the use of other local, adjuvant modal- 
ities with possible attendant complications in about half of the 
patients; (2) it reduces the chance of any microscopic tumor 
left behind; and (3) it reduces the amount and extent of 
microscopic residual tumor, making less likely the existence 
of resistant clones of cells to adjuvant treatment in the re- 
maining population, and more likely that this residual tumor 
can be encompassed completely with adjuvant irradiation. In 
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series of patients treated with what appears to have been 
conservative resection, the rate of local recurrence with the 
combination of resection and irradiation appears to be slightly 
higher, in the range of 13%,” 15%," and 22.3%.” 

Involvement of a major vessel is not an indication for ampu- 
tation, since none of nine patients treated with resection and 
replacement with vascular polytef (Gore-Tex) grafts has de- 
veloped a local recurrence. In our experience, resection of a 
major nerve (eg, femoral or sciatic), if directly invaded or 
circumferentially surrounded by tumor, is preferable to an 
amputation if by removing this nerve a satisfactory resection 
can be performed. After resection of gluteus maximus and the 
medial or posterior compartments of the thigh, there is no 
functional disability whatsoever for all kinds of ordinary ac- 
tivity. After a modified anterior compartment resection as 
described above, there is adequate extensor function in am- 
bulation. One is usually pleasantly surprised at the amount of 
function after extensive resections, which indicates how con- 
siderable the functional reserve in the musculature of an 
extremity is and explains why even radical limb salvage 
surgery is so preferable to amputation. 


CONCLUSION 


Limb preservation is possible in about 95% of the patients 
with soft-tissue sarcomas of the proximal part of the lower 
extremity. Involvement of a major nerve or vessel is not an 
indication for amputation. In anterior compartment resec- 
tions, it is usually possible to preserve the lowermost third of 
the vastus medialis with intact innervation, a maneuver facili- 
tating rehabilitation dramatically. 

Sarcomas in the iliac fossa or groin require special tech- 
niques of exposure for their resection. 

For sarcomas located in the center of a compartment of the 
thigh, compartmental resection may be performed. For those 
located near an intermuscular septum, only the adjacent to 
the tumor muscles from each of the two neighboring compart- 
ments may need to be removed en bloc with the tumor. 

For minimum margins less than 2 cm, adjuvant postopera- 
tive radiation appears to be effective in securing local control. 
In the presence of adequate surgical margins, limb preserva- 
tion with surgical treatment alone provides satisfactory local 
control. 
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Secondary Biliary Cirrhosis 


A Limiting Factor in the Treatment of Hepatolithiasis 


Kuo-Shyang Jeng, MD; Shou-Chuan Shih, MD; Hsein-Jar Chiang, MD; Bee-Fong Chen, MD 


è To investigate whether the coexistence of secondary biliary 
cirrhosis plays a limiting role in the treatment of hepatolithiasis, 
we retrospectively compared the clinical course and results of 
stone treatment in 30 patients with secondary biliary cirrhosis (8 
in Child’s class A and 22 in Child’s class B) (group 1) and 240 
patients with noncirrhotic biliary calculi (group 2). The hospital 
mortality morbidity of treatment, mortality of treatment, and the 
percentage of treatment failure in group 1 were 20%, 40%, 6.7%, 
and 16.7%, respectively. Those in group 2 were 8%, 10%, 3.8%, 
and 10%, respectively. The modes of treatment for stone removal 
included surgery with postoperative cholangioscopy and percu- 
taneous transhepatic cholangioscopy. There was a statistically 
significant difference between these two groups in the hospital 
mortality and the morbidity of treatment. We conclude that hepa- 
tolithiasis anc biliary stricture should be treated early, before the 
development of secondary biliary cirrhosis. However, even after 
cirrhosis occurs, aggressive treatment does not increase the 
mortality of treatment or the treatment failure rate. 

(Arch Surg. 1989;124:1301-1305) 


epatolithiasis occurs with a high incidence in Asia. 

Among Asian countries, Taiwan has the highest relative 
prevalence of patients with gallstones undergoing biliary sur- 
gery.” In the treatment of hepatolithiasis, surgery with post- 
operative choledochoscopy through the choledochal T-tube 
track was the usual mode of therapy.*”” Percutaneous tran- 
shepatic cholangioscopy (PTCS) has been accepted as an al- 
ternative to avoid repeated surgery,””’” especially in poor- 
risk patients, in those with residual or recurrent calculi, and 
in those with a history of multiple biliary surgical procedures. 
However, biliary stricture, intrahepatic ductal angulation, 
and biliary sepsis are well-known problems that may result in 
treatment failure. 

Secondary biliary cirrhosis that develops after a long peri- 
od of biliary stricture, calculous obstruction, and repeated 
cholangitis*” may lead to hepatic insufficiency and portal 
hypertension with the resultant complications, ie, bleeding 
esophageal varices, hypersplenism with pancytopenia, asci- 
tes, and encephalopathy. The influence of secondary biliary 
cirrhosis on the treatment of hepatolithiasis has not been 
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clearly studied. To investigate the role of the coexistence of 
secondary biliary cirrhosis in the management of calculi, we 
conducted a retrospective study of 298 patients with 
hepatolithiasis. 


PATIENTS AND METHODS 


From July 1985 through February 1988, a total of 298 patients with 
hepatolithiasis received surgical treatment at Mackay Memorial Hos- 
pital, Taipei, Taiwan. The treatment in these 298 patients consisted 
of a total of 310 operations, 942 sessions of postoperative chaledochos- 
copy through the matured choledochal T-tube track for removal of 
residual calculi, and 124 consecutive sessions of PTCS lithotomy in 50 
patients with complicated biliary calculi. The indications for PTCS 
lithotomy included history of multiple biliary operations and recur- 
rent or residual calculi that could not be removed by surgery or 
conventional postoperative choledochoscopy. To establish the liver 
abnormality, a wedge biopsy of liver was routinely undertaken dur- 
ing each exploration. 

Secondary biliary cirrhosis was defined by both a history of biliary 
calculi with cholangitis for more than 5 years and confirmed patholog- 
ic findings of portal-portal linkages, with a pattern of monolobular 
cirrhosis, and the absence of normal vascular relationships (Fig 1). 
Thirty patients fulfilled the criteria; there were 15 men and 15 wom- 
en, ranging in age from 25 to 71 years (mean, 46.4 +2.9 years). They 
were denoted group 1. Child’s classification of liver function was class 
A in 8 patients and class B in 22 patients (normal prothrombin time 
and platelet count greater than 80 x 10°/L). 

Among the other 268 patients with hepatolithiasis, 28 patients 
were excluded from this study because of the pathologie findings of 
undefined subcapsular fibrosis, undefined causes of cirrhosis, alcohol- 
ic liver cirrhosis, postnecrotic (hepatitis) liver cirrhosis, primary 
biliary cirrhosis, choledochal cysts, and the coexistence of hepatocel- 
lular carcinoma or metastatic colorectal cancer. The remaining 240 
patients who were noncirrhotic consisted of 109 men and 131 women, 
who ranged in age from 19 to 92 years (mean, 48.3 + 19.5 years). They 
were denoted group 2. 

The locations of biliary calculi and the sites of biliary stricture of all 
patients were classified by the intrahepatic and extrahepatic hepato- 
lithiasis (IE) system proposed by the Research Group for the Study of 
Damage to the Intrahepatic Bile Duct from Japan” on the basis of the 
preoperative cholangiogram. In both groups 1 and 2, al! patients 
received extended intrahepatic choledocholithotomy and operative 
cholangioscopy, cholecystectomy if the gallbladder was present, and 
left lateral segmentectomy or left lobectomy of the liver if left intra- 
hepatic stones or left hilar biliary stricture was found. The postopera- 
tive choledochoseopy through the matured T-tube track to remove 
the residual stones was performed routinely and was repeated until 
the stones were completely eradicated or failure was coneluded by 
means of this technique. The number of sessions varied from one to 
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Fig 1.—Left, Liver biopsy specimen shows broad fibrous septa producing a puzzielike appearance 
(hematexylin-eosin, x 40). Right, The broad fibrous septa show prominent bile duct proliferation with bile 
plugs and chronic inflammatory infiltrate (hematoxylin-eosin, x 10D). 





Fig 2.—Left, During percutaneous transhepatic cholangioscopic Ithotomy, one balloon Dotter dilator is 
used for dilation of intrahepatic biliary stricture. Right, Increment of dilation is done with a two-balloon 
dilator. 


nine per patient, depending on the biliary conditions. Percutaneous 
transhepatic cholangioscopy was undertaken in 50 selected patients 
who had severe biliary stricture or whose retained calculi were 
complicated and could not be removed by the usual procedures of 
surgery and the postoperative choledochoscopy. The technique in- 
cluded percutaneous track establishment by PTCS, track dilations by 
balloon dilators (Fig 2), and repeated cholangioscopy. The overall 
percutaneous manipulations consisted of 221 procedures, including 
124 sessions of PTCS. Im each patient, the number of sessions of 
PTCS varied from one to-seven. In selected cases, on PTCS, electro- 
hydraulic lithotripsy for stone fragmentation, biliary spoons, grasp- 
ing forceps, and flushing technique for stone retrieval were added as 
an adjunct to basket catheters. Reoperations were undertaken in 12 
patients because of inadequacy of the initial operation or complica- 
tions developing from the initial surgery or the failure of PTCS 
treatment. 


1302 Arch Surg—Vol 124, November 1989 


Every procedure and any complication, either minor or major, 
oecurring Curing or after each procedure in each patient were re- 
corded in much detail as possible. The assessment of complete 
removal of complicated stones was evaluated visually by cholangios- 
copy at the end of treatment, by cholangiography performed repeat- 
edly through the T-tube tract or the PTCS sinus tract, and by 
abdominal ultrasonography (real time, 3.5 MHz, Aloka, SSD 256, 
Tokyo, Japan), which was routinely performed every week during 
the stone therapy. The cause of every treatment failure was investi- 
gated. To compare the clinical course and the treatment result be- 
tween groups 1 and 2, the hospital mortality, the morbidity of treat- 
ment, the mortality of treatment, and the rate of treatment failure in 
stone removal in both groups were evaluated. 

Hospital mortality included both the mortality related to treat- 
ment and the disease mortality. The deaths that were mainly attrib- 
utable to surgery or PTCS, such as postoperative intra-abdominal 
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hemorrhage or abscess, postoperative respiratory failure, or unsta- 
ble diabetes, were included in the “mortality of treatment.” The 
deaths relating to the disease process of hepatolithiasis or biliary 
cirrhosis, such as suppurative cholangitis, concomitant acute pancre- 
atitis, esophageal variceal bleeding, or hepatic failure, were included 
in the “disease mortality.” When the morbidity (complications) of 
treatment was discussed, the mortality cases were excluded. “Treat- 
ment failure” was defined as the persistence of residual stones at the 
end or discontinuation of treatment. 


RESULTS 


In group 1, there were six hospital deaths (hospital mortal- 
ity, 20%), including two surgical deaths and four disease 
deaths. Both surgical deaths (mortality of treatment, 6.7%) 
were attributed to postoperative intra-abdominal sepsis after 
hepatectomy. These patients had left hepatic hilar biliary 
stricture, left hepatic calculi, suppurative cholangitis, and 
coexistent secondary biliary cirrhosis. The causes of death in 
the other four patients (included in the disease mortality) 
consisted of intractable upper gastrointestinal tract bleeding 
from ruptured esophageal varices in one and hepatocellular 
failure with hepatic coma in three. All deaths were related to 
the sequelae of secondary biliary cirrhosis. All six patients 
with hospital deaths were in Child’s class B. 

Compkcatiens of treatment for calculi occurred in 12 pa- 
tients in group 1 (morbidity of treatment, 40%). Those after 
surgery mcluded wound infection in 1 patient, intra-abdomi- 
nal abscess in 1, hepatocutaneous fistula in 1, ventral hernia in 
1, and stress ulcer with gastrointestinal tract hemorrhage in 
1. Those after PTCS consisted of massive hemobilia in 5 
patients and pain intolerance in 2 patients. 

Among the seven patients who had complications after 
PTCS therapy, the locations of biliary strictures and calculi 
were distributed in the left hepatic hilum in four patients, in 
the right hepatic hilum in one patient, in the periphery (multi- 
ple) in one patient, and in the bilateral hepatic hilum with 
right hepatic periphery in one patient. Massive hemobilia was 
stopped successfully by transcatheter hepatic arterial emboli- 
zation in three patients (two on the right and one on the left), 
by intraarterial (right) catheter vasopressin (Pitressin) drip 
in one patient, and by transhepatic intraductal balloon-dilator 
compression in another patient. One patient with pain intoler- 
ance and one with massive hemobilia gave up further stone 
treatment. Reoperations were undertaken in one patient for 
the repair of ventral hernia and in two patients for hepatec- 
tomy after the failure of PTCS. Conservative treatment was 
successful in patients with fistula, stress ulcer bleeding, and 
wound infections. 

In group 2, hospital mortality was 7.5% (18/240), which 
included 7 patients (3.3%) with treatment-related deaths and 
11 patients with disease-related deaths. The cause of death 
related to the original disease process was severe cholangitis 
and uncontrollable sepsis in 8 patients and concomitant acute 
pancreatitis in 3 patients. The treatment mortality was at- 
tributed to postoperative unstable diabetes and hyperglyce- 
mic hyperosmolarity nonketoacidosis in 1 patient, postopera- 


rT tie hemorrhage in 1 patient, postoperative intra-abdominal 
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Results of Comparison of Groups 1 and 2 


Hospital Mortality Morbidity Treatment Failure 
Mortality of Treatment of Treatment (Residual Stones) 
Seconcary biliary cirrhosis 
(n= 30), Ne. (%) 6 (20) 2 (6.7) 12 (40) 5 (16.7) 
Noncirrhotic biliary calculi 
(n=240), No. (%) 18 (7.5) 8 (3.3) 24 (10) 24 (10) 
P (x? test) <.04 >.05 <.002 > 05 


















abscess in 2 patients, sepsis with respiratory distress after 
failure of PTCS therapy in 2 patients, and death after compli- 
cations of general anesthesia in 1 patient. The morbidity of 
treatment in group 2, 10% (24/240), included wound infection 
or wound sepsis (12 patients), minor bleeding during PTCS 
therapy (2 patients), pain intolerance during PTCS therapy (2 
patients), slipping out of the choledochal T tube (3 patients), 
pneumonia (1 patient), intra-abdominal sepsis (1 patient), 
postoperative ventral hernia (2 patients), and strieture of 
hepatojejunostomy (1 patient). 

Five (16.7%) of 30 patients in group 1 and 24 (10%) of 240 
patients in group 2 failed to achieve complete elearance of 
hepatolithiasis. In group 1, 2 patients gave up further treat- 
ment because of pain intolerance and hemobilia during PTCS 
and 3 patients could not receive continuing stone removal 
because they died of their disease. The reasons for diseontinu- 
ation of stone treatment were death from disease in 11 pa- 
tients, treatment-related death in 7 patients, patients decid- 
ing to stop treatment in 5, and the surgeon deciding to stop 
treatment in 1. The 5 patients who decided against further 
trial of stone clearance did so because of the development of 
complications such as pain intolerance, hemobilia, and dislod- 
gement of the T tube. The surgeon discontinued the treat- 
ment in 1 patient because of pneumonia. The rate of and 
reasons for treatment failure in both groups weresimilar. 

From x* testing, there were statistically significant differ- 
ences between groups 1 and 2 in hospital mortality «P<.04) 
and morbidity of treatment (P<.002). However, no signifi- 
cant differences in mortality of treatment (P>.05) and rate of 
treatment failure for calculi (P>.05) werenoted (Table). 


COMMENT 


Failure to relieve mechanical obstruction of bile outflow 
may lead to secondary biliary cirrhosis.” The rate-of evolution 
of a true cirrhosis is variable. The degree of meehanical 
obstruction to bile outflow and the occurrence of cholangitis 
determine its course. In adults, it has been estimated that 
secondary biliary cirrhosis develops some 7 years after the 
onset of obstruction from a stricture, 4.5 years after a calcu- 
lous obstruction, and 10 months after the onset ofa malignant 
stricture.“ In some diseases, which initially are focal within 
the liver, the evolution of a true cirrhosis takes place over a 
period that extends to 15 years or more. 

The incidence of secondary biliary cirrhosis in hepatolithia- 
sis in our series was about 10.1% (30/298). It is well known 
that there is a better prognosis and a greater practicability of 
aggressive management in those with Child’s class A than in 
those with Child’s class B or C. In our series, all causes of 
death and major complications in group 1, such as esophageal 
variceal bleeding, hepatic failure, postoperative intra-ab- 
dominal sepsis, and massive hemobilia, occurred in patients in 
Child’s class B. Their mortality was as high as 20%, including 
a 13.3% disease mortality and a 6.7% treatment mortality. 
The patients in Child’s class A had only minor complications. 

In group 2, the main causes of death unrelated to surgery or 
PTCS for calculi were suppurative cholangitis with resultant 
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Fig 3.—Left, The liver of a patient with secondary biliary cirrhosis becomes mainly fed by hepatic arteries 
instead of portal vein (heavy hepatogram). Center, The corkscrew appearance of the patient's hepatic 
arteriogram is related to secondary biliary cirrhosis. Right, The venous phase of the superior mesenteric 
angiogram shows a patent splenorenal shunt and nonvisualization of the portal vein. The esophageal 
varices resulting from secondary biliary cirrhosis are noted (arrow). 


uncontrollable sepsis and multiple organ failure. The timing 
of treatment influenced the prognosis. A delay in diagnosis 
and treatment made septic shock and death irreversible. 
Three patients were victims of acute biliary pancreatitis. Two 
died of necrotizing pancreatitis and 1 died of pancreatic ab- 
scess without early treatment. Intra-abdominal sepsis oc- 
curred in 10% (3/30), with 2 deaths, in group 1 and 1.3% 
(3/240), also with 2 deaths, in group 2 (10% vs 1.3%, P<.065). 
Patients with secondary biliary cirrhosis may be prone to the 
development of postoperative sepsis. 

Among the scope ef postprocedural complications, wound 
infection occurred in half of the cases (12 of 24) of morbidity of 
group 2, while little wound infection was found in group 1. The 
reason may be attributed to the large numbers receiving 
surgery in group 2 compared with the small number of pa- 
tients in group 1. All the wound infections improved after 
conservative treatment and meticulous wound care. Other 
surgical complications, such as stricture of the bilioenteric 
bypass in 1 case and slipping out of the choledochal T tube in 3 
cases, occurred during the posteperative therapy with chole- 
dochoscopy. Pain intelerance was one of the main complica- 
tions of PTCS therapy. Pain was experienced by the majority 
of patients undergoing PTCS therapy because most proce- 
dures were performed with local anesthesia. However, these 
patients were included in the complication category of pain 
intolerance only when they gave up PTCS therapy for this 
reason. They suffered pain especially on skin puncturing 
when the PTCD track was established, stone crushing by the 
adjunct of electrohydraulic lithotripsy, repeated stricture 
dilating by balloon dilaters, and stone extracting or grasping 
by biliary basket catheters. 

There were two options for the patients who gave up fur- 
ther PTCS therapy. One was for them to continue therapy 
with reoperation, mainly left hepatectomy, especially when 
the retained calculi or biliary stricture were present in the left 
side of the liver. The other option was to give up any treat- 
ment procedure and be discharged with the retained calculi. 
The latter patients were included in the treatment failure 
group. 

We emphasize the complications of massive bleeding dur- 
ing PTCS therapy in group 1. Bleeding is another major 
complication of PTCS, especially on the establishment of the 
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PTCD track or the dilatation of the biliary stricture. Howev- 
er, bleeding was minor in group 2. Massive bleeding, which is 
defined as a blood loss of more than 1000 mL, occurred only in 
group 1. The reasons and sites of bleeding were investigated 
in as much detail as possible in the five patients in whom 
massive bleeding occurred. Each of the five patients had 
coexistent secondary biliary cirrhosis with liver reserve of 
Child’s class B. Emergency angiography was undertaken at 
the onset of massive hemobilia during PTCS. Neovasculariza- 
tion surrounding the stenotic hepatic duct from the prolifera- 
tion of the bile duct in the cirrhotic process, which has been 
described by Buyssens, was demonstrated on the liver com- 
puted tomographic scans in two of our patients. A pseudoan- 
eurysm of the right hepatic artery that formed after intima 
injury following repeated PTCS manipulation was detected in 
one patient. Another young female patient’s angiogram dem- 
onstrated the so-called heavy hepatogram, which means that 
the blood supply to the liver was mainly from the hepatic 
artery instead of the portal vein (Fig 3). She had received 
splenorenal shunt surgery in the past because of the intracta- 
ble bleeding from the ruptured esphageal varices that oc- 
curred as an end sequel of her secondary biliary cirrhosis with 
portal hypertension. The hepatogram increased her vulnera- 
bility to bleeding during the manipulations of PTCS therapy. 
Previous shunt surgery was an important contributing factor 
to her bleeding during PTCS therapy. 

The contributing factors other than cirrhosis in the fifth 
victim of massive hemobilia consisted of severe multiple in- 
trahepatie biliary stricture, anomalous accessory hepatic 
duct, and the coexistence of intrahepatic ductal cholangiocar- 
cinoma. He received chest tube intubation and computed 
tomographic scan-guided percutaneous transhepatic drain- 
age of hematoma within his liver. Bleeding was controlled 
after these conservative manipulations. Though no residual 
ealculi remained within his liver at the end of all treatment, he 
died of hepatic failure and coexistent cholangiocarcinoma. 

As is the case in postnecrotic or alcoholic liver cirrhosis, 
abnormal intrahepatic anastomoses exist in patients with 
secondary biliary cirrhosis. Abnormal intrahepatic anasto- 
moses have been shown to exist between the portal and the 
hepatic veins, between the hepatic artery and the hepatic 
vein, and between the hepatic artery and the portal vein.” 
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The existence of such intrahepatic shunts of quantitative 
importance between the hepatic artery and hepatic vein may 
have special significance in cirrhotic patients who already 
have diminished portal flow, particularly in patients with 
bleeding varices who are candidates for shunt operation, 
which would further deprive the liver of its portal flow. The 
main blood supply to the liver of such patients after shunt 
surgery would be from the hepatic artery. Blood transfusion 
was necessary in our five patients with massive hemobilia. 
Therapy with PTCS for calculi was postponed or delayed once 
the complications occurred. Massive hemobilia became a sig- 
nificant cause of morbidity in patients in group 1. The vulnera- 
bility to bleeding is an important limitation of stone treatment 
because of the increased morbidity and the increased rate of 
treatment failure. However, hemolibia also developed during 
the stone treatment, especially during PTCS therapy, in 
patients in group 2, even though their bleeding was relatively 
minor and there was no necessity for blood replacement. 


The other significant difference between groups | and 2 was 
the disease mortality. The main cause was that enc-stage 
liver disease leading to variceal bleeding or hepatic failure 
with encephalopathy occurred in those with advaneed second- 
ary biliary cirrhosis; it is a sequela of cirrhosis and is also an 
important limitation during stone therapy. 

Compared with the noncirrhotic patients with hepatelithia- 
sis, the cirrhotics had more postprocedural complications. 
They did not, however, have higher mortality asa result of 
the treatment and could achieve the same stone clearance 
rate. We conclude that early diagnosis and complete treat- 
ment of hepatolithiasis to prevent the development of second- 
ary biliary cirrhosis is mandatory. Though secondary biliary 
cirrhosis plays a significant role in the limitation of treatment 
of hepatolithiasis because of the sequelae of cirrhosis and the 
vulnerability to bleeding, active management of stones in 
symptomatic patients is still advocated. 
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The Deadly Quartet: Upper-Body Obesity, Glucose Intolerance, Hypertriglyceridemia, and 


Hypertension 
Norman M. Kaplan, MD 


The contribution of obesity to cardiovascular risk has not been adequately appreciated because of a failure 
to recognize the involvement of upper-body predominance of body weight with hypertension, diabetes, and 
hypertriglyceridemia even in the absence of significant overall obesity. This article examines the evidence 
that upper-body obesity, as usually induced by caloric excess in the presence of androgens, mediates these 
problems by way of hyperinsulinemia. Because of these interrelationships, there is a need to identify and 
prevent upper-body obesity or, failing that, to provide therapies that will control the associated problems 
without aggravating hyperinsulinemia (Arch Intern Med. 1989;149:1514-1520). 
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She's outhattled 

the Great Depression, 
her husband's death, 
and a myocardial 
infarction. 


Now she’s won 
a fight against 
cholecystitis. 











SQUIBB 


At risk for aminoglycoside toxicity: 


The elderly. 


AZACTAM — safer than 
aminoglycosides for elderly 
patients* 


For a variety of reasons, including their often 
debilitated condition and serious underlying 
diseases, elderly patients have been reported to 
be at increased risk for aminoglycoside-associated 
toxicities.‘ AZACTAM represents a safer 
alternative for the treatment of gram-negative 
infections in these patients, an alternative that is 
free from the risks of nephrotoxicity’ and 
ototoxicity.?* 


AZACTAM — the first monobactam — 
as effective as the aminoglycosides 


In addition to its increased margin of safety, 
AZACTAM offers clinical and microbiological 
effectiveness equal to aminoglycosides in the 
treatment of gram-negative infections, such as 
peritonitis, intraabdominal abscess, and 
gangrenous appendicitis.® Its bactericidal activity 
is well suited for monotherapy when a susceptible 
gram-negative pathogen has been identified and 
is an ideal complement to gram-positive or 

4 anaerobic agents when empirical therapy is 
indicated. 





*Dosage adjustment, based on estimated creatinine clearance, may be 
necessary in elderly patients. 

‘Demonstrated in animal studies and in human volunteer studies. In clinical 
trials involving 4,570 subjects, transient elevations in serum creatinine were 
rarely observed. 


For a discussion of INDICATIONS AND USAGE (including 
susceptible organisms), CONTRAINDICATIONS, WARNINGS, 
PRECAUTIONS, and ADVERSE REACTIONS, please consult brief 
summary on the following page. 


The logical alternative to aminoglycosides 


_ Azactam instead, 


aztreonam 
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The logical alternative to aminoglycosides 





AZACTAM* FOR INJECTION 
Aztreonam For Injection 


DESCRIPTION—AZACTAWN (aztreonam, Squibb) is the first member of anew class 
of antibiotics classified asmonobactams. AZACTAM is a totally synthetic bacteri- 
cidal antibiotic with activity against a wide spectrum of gram-negative aerobic 
pathogens. The manobactams, having a unique monocyclic beta-lactam nucleus, 
are structurally different from other beta-lactam antibiotics. 

AZACTAM For Injection is a sterile, nonpyrogenic, sodium-free, white to 
yellowish-white lyaphilized cake, containing approximately 780 mg arginine per 
gram of aztreonam for intramuscular or intravenous use following constitution. 
Aqueous solutionsof the product have a pH in the range of 4.5-7.5. 


INDICATIONS AND USAGE—Before initiating treatment with AZACTAM, appropri- 
ate specimens shauld be ebtained for isolation of the causative organism(s) and 
for determination of susceptibility to aztreonam. Treatment with AZACTAM may be 
started empirically before results of the susceptibility testing are available; sub- 
sequently, appropriate antibiotic therapy should be continued. 

AZACTAM For Injection is indicated for the treatment of the following infections 
caused by susceptible gram-negetive microorganisms: Urinary Tract Infections 
(complicated and uncomplicated), including pyelonephritis and cystitis (initial 
and recurrent) caused by Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis, 
Pseudomonas aeruginosa, Enterobacter cloacae, Klebsiella oxytoca*, Citrobacter 
species* and Serratia marcescens". Lower Respiratory Tract Infections, includ- 
ing pneumonia andibronchitis caused by Escherichia coli, Klebsiella pneumoniae, 
Pseudomonas aeruginosa, Haemophilus influenzae, Proteus mirabilis, Enterobacter 
species and Serratia marcescens*. Septicemia caused by Escherichia coli, 
Klebsiella pneumoniae, Pseudomonas aeruginosa, Proteus mirabilis*, Serratia 
marcescens* and Enterobacter species. Skin and Skin-Structure Infections, 
including those associated with postoperative wounds, ulcers and burns caused 
by Escherichia coli, Proteus misabilis, Serratia marcescens, Enterobacter species, 
Pseudomonas aeruginosa, Klebsiella pneumoniae, and Citrobacter species’. Intra- 
abdominal infections, including peritonitis caused by Escherichia coli, Klebsiella 
species, including K. pneumoniae, Enterobacter species including E. cloacae", 
Pseudomonas aeruginosa, Citrebacter species” including C. freundii* and Serratia 
species* including S. marcescens*. Gynecologic Infections, including endome- 
tritis and pelvic ceilulitis caused by Escherichia coli, Klebsiella pneumoniae", 
Enterobacter species* including E. cloacae*, and Proteus mirabilis". 

AZACTANM is indicated for adjunctive therapy to surgery in the management of 
infections caused by susceptible organisms, including abscesses, infections com- 
plicating hollow viscus per‘orations, cutaneous infections and infections of se- 
rous surfaces. AZACTAM isveffective against most of the commonly encountered 
gram-negative aerobic pathogens seen in general surgery. 


Concurrent Therapy—Concurrent initial therapy with other antimicrobial agents 
and AZACTAM is recommended before the causative organism(s) is known in 
seriously ill patients who ere also at risk of having an infection due to gram- 
positive aerobic pathogens lf anaerobic organisms are also suspected, therapy 
should be initiated using an antianaerobic agent concurrently with AZACTAM. 
Certain antibiotics (e.g., cefoxitin, imipenem) may induce high levels of beta- 
lactamase in vitro in some gram-negative aerobes such as Enterobacter and Pseu- 
domonas species, resulting in antagonism to many beta-lactam antibiotics 
including aztreonam. These in vitro findings suggest that such beta-lactamase 
inducing antibioticsnot be used concurrently with aztreonam. Following identifi- 
cation and susceptibility testing, appropriate antibiotic therapy should be 
continued. 


CONTRAINDICATION—Aztreonam is contraindicated in patients with known al- 
lergy to this antibiotic. 


WARNINGS-—Carefu! inquiry should be made for a history of hypersensitivity re- 
action to any antibiotic or other drugs. Antibiotics should be given with caution te 
any patient who has had some form of allergy, particularly to drugs. It is 
recommended that patients wno have had immediate hypersensitivity reactions 
(e.g., anaphylactic or urticarial) to penicillins and/or cephalosporins should be 
followed with special care. 'f am allergic reaction to aztreonam occurs, discon- 
tinue the drug and institute supportive treatment as appropriate (e.g., mainte- 
nance of ventilation, presser amines, antihistamines, corticosteroids). Serious 
hypersensitivity reactions may require epinephrine and other emergency 
measures. 


PRECAUTIONS—General: In patients with impaired hepatic or renal function, ap- 
propriate monitoring is recommended during therapy. If an aminoglycoside is 


*Efficacy for this organism in this organ system was studied in fewer than ten 
infections. 


Azactam instead. 


aztreonam 





used concurrently with aztreonam, especially if high dosages of the former are 
used or if therapy is prolonged, renal function should be monitored because of 
the potential nephrotoxicity and ototoxicity of aminoglycoside antibiotics. The 
use of antibiotics may promote the overgrowth of nonsusceptible organisms, in- 
cluding gram-positive organisms and fungi. Should superinfection occur during 
therapy, appropriate measures should be taken. 


Carcinogenesis, Mutagenesis, Impairment of Fertility—Carcinogenicity studies 
in animals have not been performed. Genetic toxicology studies performed in vivo 
and in vitro-with aztreonam in several standard laboratory models revealed no 
evidence ofmutagenic potential at the chromosomal or gene level. Two-generation 
reproduction studies in rats at daily doses up to 20 times the maximum 
recommeneed human dose, prior to and during gestation and lactation, revealed 
no evidence of impaired fertility. There was a slightly reduced survival rate during 
the lactation period in the offspring of rats that received the highest dosage, but 
not in offspring of rats that received five times the maximum recommended hu- 
man dose. k 


Pregnancy—Pregnancy Category B: Aztreonam crosses the placenta and enters 
the fetal circulation. Studies in pregnant rats and rabbits, with daily doses upto 15 
and 5 times; respectively, the maximum recommended human dose, revealed no 
evidence ot#embryo- or fetotoxicity or teratogenicity. No drug induced changes 
were seen ir any of the maternal, fetal or neonatal parameters that were monitored 
in rats receiving 15 times the maximum recommended human dose of aztreonam 
during late gestation and lactation. There are no adequate and well-controlled 
studies in pregnant women. Because animal reproduction studies are not always 
predictive of human response, aztreonam should be used during pregnancy only 
if clearly needed. 


Nursing Mothers—Aztreonam is excreted in breast milk in concentrations that 
are less thar 1% of concentrations determined in simultaneously obtained mater- 
nal serum; consideration should be given to temporary discontinuation of nursing 
and use of formula feedings. 


Pediatric Us2—Safety and effectiveness have not been established in infants and 
children. 


ADVERSE R=ACTIONS—Local reactions such as phlebitis/thrombophlebitis fol- 
lowing IV administration, and discomfort/swelling at the injection site following IM 
administration occurred at rates of approximately 1.9% and 2.4%, respectively. Sys- 
temic reactions (considered to be related to therapy or of uncertain etiology) oc- 
curring at anincidence of 1 to 1.3% include diarrhea, nausea and/or vomiting, and 
rash. Reactions occurring at an incidence of less than 1% are listed within each 
body system in order of decreasing severity: Hypersensitivity—anaphylaxis. 
Hematologic—pancytopenia, neutropenia, thrombocytopenia, anemia, leukocyto- 
sis, thrombocytosis. Gastrointestinal- abdominal cramps; rare cases of C. difficile- 
associated diarrhea or gastrointestinal bleeding have been reported. Dermatologic— 
purpura, erythema multiforme, urticaria, exfoliative dermatitis, petechiae, pruritus, 
diaphoresis. Cardiovascular— hypotension, transient ECG changes (ventricular 
bigeminy and PVC). Respiratory—one patient experienced flushing, chest pain, 
and dyspnea. Hepatobiliary—hepatitis, jaundice. Nervous System—seizure, con- 
fusion, vertige, paresthesia, insomnia, dizziness. Musculoskeletal—muscular aches. 
Special Senses—tinnitus, diplopia, mouth ulcer, altered taste, numb tongue, sneez- 
ing and nasal congestion, halitosis. Other—vaginal candidiasis, vaginitis, breast 
tenderness. Body as a Whole—weakness, headache, fever, malaise. 


Adverse Laboratory Changes—Those reported without regard to drug relation- 
ship during clinical trials were: Hepatic—elevations of AST (SGOT), ALT (SGPT), 
and alkaline phosphatase; signs or symptoms of hepatobiliary dysfunction oc- 
curred in less than 1% of recipients (see above). Hemic—increases in prothrom- 
bin and partial thromboplastin times, eosinophilia, positive Coombs test. 
Renal—increases in serum creatinine. 


OVERDOSAGE-—'f necessary, aztreonam may be cleared from the serum by 
hemodialysis and/or peritoneal dialysis. 


DOSAGE AND ADMINISTRATION—Dosage adjustments are recommended for 
patients witheimpaired renal function. In elderly patients, estimates of creatinine 
clearance should be obtained and appropriate dosage modifications made if 
necessary. 


HOW SUPPLIED—AZACTAM For Injection (Aztreonam For Injection)—Lyophilized— 
is supplied im single-dose 15 mL vials containing 500 mg, or 1 g/vial; in single- 
dose 30 mL vials containing 2 g/vial; and in single-dose 100 mL intravenous 
infusion bottles containing 500 mg or 1g or 2 g/bottle. 
Consult package insert before prescribing AZACTAM (aztreonam). 

(J4-231) 
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Neutropenia Complicating Parenteral 
Antibiotic Treatment of Infected 


Nonunion of the Tibia 


William P. McCluskey, MD; John L. Esterhai, Jr, MD; 
Carl T. Brighton, MD, PhD; R. Bruce Heppenstall, MD 


e Fifty patients with posttraumatic tibial nonunion compli- 
cated by chronic refractory osteomyelitis were treated with 
intravenous antibiotics. Fifteen patients (30%) experienced 18 
episodes of leukopenia; seven of these patients became 
neutropenic and three became severely neutropenic. No pa- 
tient became neutropenic prior to the 20th day of antibiotic 
therapy. The classic findings of fever, pruritus, maculopapular 
rash, and eosinophilia did not correlate with either the onset 
or the severity of the neutropenia. Neutropenia can develop 
precipitously. Prevention of neutropenia is difficult in a patient 
population receiving long-term antibiotic therapy. Regular 
monitoring of the white blood cell count and differential cell 
count minimizes the risk of developing prolonged, severe 
neutropenia with potential complications. No patient in this 
series had any serious or infectious complication secondary 
to neutropenia. 

(Arch Serg 1989;124:1309-1312) 


Ak treatment of chronic refractory osteomyelitis often 
includes parenteral antibiotics administered in high 
doses for several weeks. Such therapy should be closely 
monitored for complications from the antibiotics. 

Drug-induced neutropenia is one such complication. It 
has beea commonly associated with sulfonamides, 
B-lactam antibiotics,** aminoglycosides,* vancomycin hy- 
drochloride,’ and rifampin.* The incidence of leukopenia in 
an orthopedic population treated with intravenous antibi- 
otics administered by Broviac catheter has been reported 
to be 15%.° However, that report did not address the 
severity, treatment, or outcome of the leukopenia. While 
most episodes of leukopenia resolve, in its most severe 
form, agranulocytosis, there has been up to a 25% mortality 
in other disease states. * 

The purpose of this study was to define the incidence, 
characteristics, risk of serious sequelae, appropriate mon- 
itoring, and treatment guidelines for antibiotic-induced 
neutroperia as encountered in a well-defined population of 
patients with osteomyelitis. 
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MATERIALS AND METHODS 


Fifty consecutive patients hospitalized between January 1979 
and January 1985 with chronic refractory osteomyelitis complicat- 
ing posttraumatic tibial nonunion were studied. Forty-two were 
men, and eight were women. The average age was 33.2 years 
(range, 18 to 62 years). These 50 patients hada total of 59 hospital 
admissions each lasting more than three weeks. Each patient had 
antibiotic therapy in conjunction with their orthopedic operations. 

Bone biopsy specimens obtained at the time of surgical débride- 
ment yielded cultures of organisms responsible for the infections. 
Antibiotics were chosen in consultation with specialists in infec- 
tious disease. A complete blood cell count, including differential 
cell count, was obtained before initiating antibiotic therapy. It was 
repeated twice weekly thereafter. The decision to alter or discon- 
tinue antibiotic therapy was based on the neutrophil count and 
the severity of associated eosinophilia, fever, hepatitis, pruritus, 
and maculopapular rash. 


DEFINITION OF TERMS 


Leukopenia was defined as a total white blood cell count of less 
than 4.0 x 10°/L. 

The total neutrophil count was defined as the sum of the 
segmented and band forms of neutrophils per liter of blood. The 
normal level, which varies somewhat according to age, race, and 
other factors, is 2.0+0.5x10/L for white adults. A neutrophil 
count of less than 1.5 x 10°/L was considered indicative of neutro- 
penia. Severe neutropenia was indicated by a neutrophil count of 
less than 1.0 x 10°/L. Agranulocytosis was defined as a neutrophil 
count of less than 0.2 x 10°/L. Many blacks have average neutro- 
phil counts that are lower than those of whites.®" The time for 
recovery from the neutropenia is the number of days from the 
neutrophil count nadir to the first neutrophil count that is over 
2.0 x 10°/L. 

Eosinophilia was defined as an eosinophil count greater than 
0.2 x 10°/L. The eosinophil count is determined by multiplying the 
white blood cell count by the percentage of eosinophils in that 
specimen. 


RESULTS 
Fifteen patients (30%) had 18 episodes of leukopenia 
during 17 separate hospitalizations (Table). Of the 18 
leukopenic episodes, ten deteriorated to neutropenia. 
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Leukopenic 


Neutrophil Day 
Count Nadir, Neutropenia 
Case x 109L Organism Antibiotic Developed 
1 2.5 Pseudomonas aeruginosa, Nafcillin sodium, 
Staphylococcus aureus ticarcillin disodium, 
tobramycin sulfate 
2 2.2 Klebsiella, P aeruginosa, Enterobacter Cefazolin sodium, piperacillin sodium, 
tobramycin 
3 1.8 S aureus, P aeruginosa Nafcillin, 
tobramycin, 
ticarcillin 
4 1.8 S aureus, Staphyioccus epidermidis Dxacillin sodium, cefazolin 
6 1.8 No growth Cefazolin 
6 1.6 Proteus mirabilis, S aureus, S epidermidis Cefotaxime sodium, trimethoprim- 
sulfamethoxazole, vancomycin 
hydrochloride 
7 1.6 S aureus, P aeruginosa, Enterobacter, Cefazolin, 
enterococcus, S epidermidis piperacillin, 
tobramycin 
8 1.5 No growth Cefazolin 
9 1.4 Diphtheroids, S epidermidis Vancomycin, rifampin 20 
10 1.3 P aeruginosa, S aureus Oxacillin, carbenicillin disodium, 33 
gentamicin sulfate 
11 1.3 Enterococcus, Cefazolin, piperacillin, tobramycin 28 
Pseudomonas 
12 12 S aureus, S epidermidis, P aeruginosa Nafcillin, tobramycin, vancomycin, 32 
gentamicin 
13 12 Enterococcus, S epidermidis, Enterobacter Cefamandole nafate, rifampin, vancomycin 32 
14 1.2 P mirabilis, S aureus, S epidermidis Cefotaxime sodium, vancomycin 35 
15 1.2 Diphtheroids, S epidermidis Rifampin, vancomycin 34 
16 0.6 P aeruginosa Ticarcillin 21 
17 Vas P aeruginosa, S aureus Oxacillin, ticarcillin, tobramycin 22 
18 0.2 Enterobacter, Serratia, P aeruginosa, Cefazolin, mezlocillin sodium, gentamicin 34 
S aureus 


*|Indicated by acount ef 2.0 x 10°/L; N/A indicates not applicable. 


There were no episodes of agranulocytosis. The nadir 
neutrophil count im neutropenic patients averaged 
1.0 x 10°/L (range, 0.2 to 1.4 x 10°/L). 

No patient develeped neutropenia before the 20th day of 
therapy. No patient had any serious or infectious compli- 
cation secondary to neutropenia. 

Thirty-three of the 35 patients who maintained normal 
white blood cell counts were treated with 8-lactam antibi- 
otics. Sixteen of the 18 leukopenic episodes occurred while 
the patients were receiving B-lactam antibiotics. The other 
two episodes occurred while patients were receiving van- 
comycin and rifampin. 

Only two patients had a history of penicillin allergy. Both 
were treated with 8-lactam antibiotics, one after nafcillin 
sodium desensitization. 

Physical signs and symptoms associated with leukopenia 
were common. Sixty-six percent (12/18) of the leukopenic 
episodes were accompanied by a new fever (temperature, 
>87.8°C). However, severity of the fever did not correlate 
with the depth of the leukopenia. Two of the three severely 
neutropenic patients were afebrile. 

Twenty-two percent (4/18) of the leukopenic patients had 
an associated maculopapular rash. In some cases the rash 
preceded the leukopenia. Thirty-three percent (6/18) of the 
patients had pruritus at the time of leukopenia. However, 
66% (2/3) of the severely neutropenic patients had neither 
rash nor pruritus. 
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Four patients had five episodes of hepatitis manifested 
by elevations of serum enzyme levels. Three of these 
episodes coincided with the leukopenia. None of the pa- 
tients were severely neutropenic. Fifty percent (2/4) of the 
patients with hepatitis had pruritus, 50% (2/4) were febrile, 
and 25% (1/4) had a maculopapular rash. 

Eosinophilia was common. Fifty percent (9/18) of the 
leukopenic episodes had an associated eosinophil count 
greater than 0.2x10%/L, and 17% (3/18) had eosinophil 
counts greater than 0.5 x 10°/L (range, 0.7 to 1.3 x 10%/L). 
The mean eosinophil count was 0.3x10%/L. Only one 
severely neutropenic patient had an eosinophil count 
greater than 0.2 x 10°/L. Sixty percent of patients with an 
eosinophil count greater than 0.2 x 10°/L, and all patients 
with an eosinophil count greater than 0.5 x 10%/L, had an 
associated hepatitis, rash, or temperature greater than 
38.7°C. Eosinophilia did not correlate with the severity of 
the leukopenia. 

There were eight episodes of leukopenia without neutro- 
penia (patients 1 to 8) (Table). One patient (case 1) 
recovered from leukopenia prior to stopping the antibiotic 
therapy because of rash and eosinophilia. Two patients 
(cases 2 and 3) were observed without altering antibiotic 
therapy Their white blood cell counts did not fall further. 
Four patients (cases 4 through 7) had antibiotic therapy 
discontinued secondary to the severity of associated symp- 
toms of eosinophilia, fever, hepatitis, and maculopapular 
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Episodes 


Remarks 


Desensitized to nafcillin prior to its use; antibiotic therapy stopped secondary to rash and eosiraphilia; 
substitution of different B-lactam without leukopenia on subsequent admission 


Rechallenge with cefazolin led to leukopenia on subsequent admission (case 5) 


Oxacillin therapy discontinued for hepatitis; substitution of different B-lactam without leukopenia on 


Antibiotic therapy stopped secondary to rash, hepatitis, and leukopenia; substitution of cefazolin led to 


Antibiotic therapy stopped secondary to fever and eosinophilia; substitution of different B-lactam without 


Cefazolin given oerioperatively for microvascular muscle transfer; substitution of different B-laciam 


Antibiotic therapy discontinued for hepatitis and neutropenia; substitution of different 8-lactam without 


Antibiotics Neutropenia 
Discontinued Recovery, d* 
Nafcillin, ticarcillin, N/A 
tobramycin 
None N/A 
None N/A 
Oxacillin N/A 
subsequent admission 
Cefazolin N/A Cefazolin given perioperatively for below-knee amputation 
Cefotaxime, trimethoprim N/A 
no leukopenia 
Cefazolin, piperacillin N/A 
leukopenia on subsequent admission 
Cefazolin N/A 
without leukopenia on subsequent admission 
None 8 Substitution of different B-lactam without leukopenia on subsequent admission 
Oxacillin, carbenicillin, 3 
gentamicin leukopenia on subsequent admission 
None 7 Substitution of different B-lactam without leukopenia on subsequent admission 
Nafcillin, tabramycin, 3 
vancomycin, gentamicin 
Cefamandele, rifampin, 6 Substitution of cifferent B-lactam without leukopenia on subsequent admission 
vancomycin 
None 5 Substitution of cifferent B-lactam without leukopenia on subsequent admission 
None 4 Rechallenge lec to neutropenia (see case 9) 
None 18 Rechallenge with ticarcillin led to no recurrence 
Oxacillin 
Cefazolin, meziocillin, 4 Non-f-lactam used in further treatment 
gentamicin 


rash. Patients 5 and 8 had been given cefazolin periopera- 
tively at the time of below-knee amputation and microvas- 
cular muscle transfer, respectively. Their leukocyte counts 
returned to normal within three days of discontinuing 
medication. 

There were seven episodes of moderate neutropenia 
(counts between 1.0 and 1.5x10°/L). Antibiotic therapy 
was not stopped in any case for neutropenia alone. Anti- 
biotic therapy was discontinued in three of these seven 
cases because of hepatitis, fever, rash, eosinophilia, or 
other associated problems with persisting or prolonged 
neutropenia (cases 10, 12, and 13). Neutropenia and leu- 
kopenia resolved in less than seven days after stopping 
antibiotic therapy in each of these three cases. The four 
patients (cases 9, 11, 14, and 15) who did not have antibiotic 
therapy diseontinued had the neutropenia resolve sponta- 
neously. 

Three patients had episodes of severe neutropenia (neu- 
trophil count, <1.0 x 10°/L). Two patients (cases 16 and 17) 
had doeumented neutrophil counts of 1.0 x 10%L prior to 
reaching nadirs of 0.6 and 0.3x10°/L, respectively. For 
patient 17, antibiotic therapy was stopped when the neu- 
trophil count was 1.0 x 10°/L, the nadir occurring 24 hours 
later. Counts in both patients 17 and 18 recovered to 
greater than 2.0 x 10°/L in less than five days. Patient 16 
had an asymptomatic neutropenia of 0.6 x 10°/L. Neither 
ticarcillin disodium therapy nor gentamicin sulfate therapy 
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was discontinued because of the extensive nature of the 
patient’s Pseudomonas infection status after intramedul- 
lary rodding of an open tibial fracture. The duration of 
neutropenia extended to 18 days, with recovery occurring 
while the patient was still receiving antibiotics. 

Neutropenia occasionally preceded leukopenia in the 
presence of eosinophilia. Likewise, when the leukocyte 
count had reached its nadir and had started tc recover, the 
neutrophil nadir could lag behind for up to 48 nours. Thus, 
a rising leukocyte count does not necessarmly mean an 
improving neutrophil count. 

Only three patients were rechallenged with the same 
antibiotic on subsequent admissions after leckopenic epi- 
sodes during an earlier admission. Patiert 5 became 
leukopenic, and cefazolin therapy, given at the time of 
below-knee amputation, was stopped. Patient 9 developed 
transient neutropenia that resolved without altering ther- 
apy. Patient 16 had had a severe neutropenia (count, 
0.6 x 10°/L). Subsequent rechallenge with ticarcillin several 
months later was without incident. 

The two patients with neutrophil nadirs of less than 
0.5 x 10°/L were not rechallenged with the same antibiotics. 
Patient 18 received no further B-lactam antibiotics. Patient 
17 had been treated with oxacillin. Subsequent treatment 
with oral dicloxicillin and other B-lactam amibietics was 
without sequelae. 

The remainder of the patients (cases 1, 3, 4, & through 
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11, 13, and 14) received 8-lactam agents, excluding the 
congener that had produced the leukopenia, at some 
subsequent point without recurrence. 


COMMENT 


Antibiotic-induced neutropenia has been reported with 
almost all antibiotics. The most common offenders have 
been the B-lactam antibiotics, which include the penicil- 
lins, 28 five semisynthetic penicillins (oxacillin,® cloxacillin, 
dicloxacillin, nafcillm,® and methicillin), and the cephalo- 
sporins. 5 

Antibiotic-induced neutropenia is an idiosyncratic dis- 
order that has been, for the most part, a diagnosis of 
exclusion. Four criteria have been suggested by Young": 
(1) the neutrophil count must be less than 1.5 x 10°/L; (2) 
there must be recent er current drug exposure; (3) there 
must be no other cause of the neutropenia; and (4) the 
neutrophil count must recover when the drug is withdrawn. 
Proof, however, would involve recurrence of neutropenia 
on rechallenge with the same antibiotic. Those who have 
reported the effect of rechallenge have documented both 
recurrence and nonrecurrence. The latter would imply that 
the neutropenia was not drug-induced. Most investigators 
have chosen not to rechallenge. There are few data. 

Although eosinophilia, fever (temperature, >38.7°C), 
hepatitis, and maculepapular rash are commonly associated 
with B-lactam-induced neutropenia," 22% (4/18) of the 
patients with leukopenia, 48% (3/7) of patients with neu- 
tropenia, and 33% (1/3) of severely neutropenic patients in 
our series had no associated abnormalities or symptoms. 
Even when present. these factors could not be used to 
predict either the onset or the severity of the neutropenia. 

The explanation for drug-induced neutropenia remains 
controversial. While other drug-related blood dyscrasias 
have been firmly linked to immune-mediated or marrow- 
toxic mechanisms, the cause of this selective neutropenia 
is not clear. The eosinophilia, dermatitis, and fever associ- 
ated with neutropenia suggests an immune mechanism.° 
Some studies have reported the development of antibodies 
to B-lactam antibiotics, but these have not been causally 
linked to neutropenia.*27 Another study reported that the 
associated symptoms of eosinophilia are rare, the direct 
Coombs’ test is negative, and leukoagglutinins are absent, 
suggesting a direct marrow effect (myeloid precursor 
block). The bone marrow may show a myeloid precursor 
depletion or maturation arrest, but most reported results 
of marrow examinations have been normal.'* Whether high 
serum antibiotic levels are toxic to myeloid precursors or 
a high antibiotic antigen concentration is needed to provoke 
an immune response is speculative. The granulocyte kinetic 
tests that have been used in the past have significant 
limitations.” Immunelogic studies and bone marrow aspi- 
rations were not performed on any patient in this series. 

In our series of patients, there was no correlation 
between daily antibiotic dose, secondary signs (eosino- 
philia, fever, or rash), and severity of leukopenia or neutro- 
penia. No patient beeame neutropenic before the 20th day 
of drug administration. 

Potential risks of infection are related to both the severity 
and the duration of she neutropenia. A neutrophil count 
between 0.5 and 1.0 x 10°/L will only moderately increase 
the risk of infection. A count below 0.5x10%/L lasting 
longer than 48 to 72 hours will significantly increase the 
risk of serious, possibly fata] bacterial infection in patients 
with leukopenia. Monitoring the patients receiving long- 
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term parenteral antibiotics should include twice-weekly 
complete blood cell counts with white blood cell differential 
counts. 

Should the neutrophil count drop to less than 
1.0 x 10° L, the antibiotic regimen should be altered." It is 
not possible to predict which of several antibiotics is the 
cause of neutropenia in a patient receiving multiple drugs. 
Treatment with the penicillinase-resistant penicillins 
should be discontinued first, since statistically they are the 
most likely offenders. If the antibiotic regimen cannot be 
altered for some reason, daily white blood cell determina- 
tion and hospital admission for patients initially treated 
with home antibiotic therapy is indicated. Should the 
neutrophil count reach 0.5x10%/L, antibiotics must be 
stopped and appropriate neutropenic precautions® should 
be taken. 

Recovery after discontinuation of the antibiotic therapy 
normally occurs within seven days. The blood clearance 
time (ha-f-life) for neutrophils is 6.7 hours. The normal 
myelocyte-to-blood transit time of five to seven days has 
been shown to be as short as two days in severe infection.*® 
Should the neutropenia persist, hematology/oncology con- 
sultation is appropriate. Cross-reactivity is low. In most 


‘cases, treatment with one B-lactam may be stopped, while 


treatment with another 8-lactam is continued or substi- 
tuted without further compromise. 

In this group of patients, the incidence of severe neutro- 
penia was 6%, with a 14% incidence of neutropenia and 
30% incidence of leukopenia. Prevention of prolonged, 
severe neutropenia by using reasonable, effective doses of 
antibiotics with as short a duration of therapy as possible, 
combinec with careful monitoring of the white blood cell 
count and differential count, minimizes the risk of serious 
complications. 
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Arteriovenous Fistulas After 


Cardiac Catheterization 


Rebecca L. Glaser, MD; Daniel McKellar, MD; Kenneth S. Scher, MD 


è In a review of five Dayton, Ohio, area hospitals during a 
six-year period, seven patients who were treated for an ac- 
quired arteriovenous (A-V) fistula after cardiac catheterization 
were identified. Four patients had undergone cardiac studies 
in area hospitals, while three were studied elsewhere. The 
four A-V fistulas after 23291 cardiac catheterization proce- 
dures in Dayton hospitals represented an incidence of 0.017% 
for this complication. Congestive heart failure and limb ische- 
mia were the most frequent presenting symptoms that devel- 
oped from twe to ten months after catheterization. Intentional 
puncture of both the artery and vein of the ipsilateral groin for 
right- and left-sided heart studies was the probable cause of 
fistula formation in two cases. Five patients sustained inad- 
vertent injury to both an artery and adjacent vein during 
percutaneous vascular access. Six A-V fistulas that involved 
femoral vessels were managed by division of the fistula with 
lateral repair of the artery and vein. An unusual communication 
between the right thyrocervical trunk and the internal jugular 
vein was handled by ligation of the affected vessels. Prompt 
surgical correction of this unusual complication of percuta- 
neous vascular access is recommended as spontaneous 
closure is unlikely. 

(Arch Surg 1989;124:1313-1315) 


rteriovenous (A-V) fistulas may be either congenital or 
acquired. The congenital type is characterized by a 
myriad of interconnecting arteries and veins. The acquired 
fistulas, on the other hand, usually have one or two such 
communications. The latter lesion is the consequence of a 
penetrating wound with simultaneous arterial and venous 
injury. In the military experience, A-V fistulas result from 
penetrating missiles, while in civilian trauma, they are 
usually caused by stab wounds. Less frequently, iatrogenic 
A-V fistulas have been described after a variety of surgical 
operations, as well as invasive diagnostic procedures. In 
this report, we summarize our experience with A-V fistulas 
noted after procedures that were performed in the cardiac 
catheterization laboratory. 


MATERIALS AND METHODS 


We screened the records of all discharges from five medical 
school-affiliated hospitals, from Jan 1, 1981, through Dec 31, 1986, 
to identify all patients with a diagnosis of acquired A-V fistula. 
Patients whose A-V fistulas were constructed because of chronic 
renal failure were excluded from this review. To restrict the series 
to those patients whose fistulas followed diagnostic and therapeu- 
tic procedures, A-V communications that occurred after penetrat- 
ing trauma were also eliminated. The remaining charts were 
carefully reviewed to determine the type of procedure that caused 
the fistula, the location of the fistula, and the duration from 
procedure te onset of symptoms, as well as the nature of the 
presenting symptoms and associated physical findings. Methods 
of diagnosis and management of these lesions were also evaluated. 
In addition to enumerating the various types of diagnostic and 
therapeutic interventions that preceded the development of A-V 
fistulas, the number of those procedures done at the participating 
institutions during the period studied was ascertained. 
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RESULTS 


Our review identified seven patients who were treated 
for an acquired A-V fistula after diagnostic or -herapeutic 
procedures. These cases are summarized in the Table. All 
occurred after procedures that were performed in the 
cardiac catheterization laboratory. No A-V fistulas were 
noted after arteriographic studies or surgical operations. 
Four of the seven patients had undergone cardiac catheter- 
ization at a Dayton, Ohio, area hospital. Three others were 
referred to one of the area hospitals after cardiac catheter- 
ization studies that were performed elsewhere 

During the study period, there were 23 291 procedures 
that were done in the catheterization laboratories of the 
participating institutions. The four A-V fistulas noted after 
catheterization procedures performed in Dayton area hos- 
pitals represented an incidence of 0.017% for this compli- 
cation. The number of catheterization studies in the hos- 
pitals responsible for the other three patients in this series 
was not determined. 

Six of the seven patients described in this report had 
heart studies performed via the femoral artery. Five were 
diagnostic studies only, while one individua underwent 
transluminal angioplasty after coronary arteriegraphy. Not 
surprisingly, the A-V fistulas that developed efter femoral 
punctures involved communications between either the 
common femoral or superficial femoral arteries and the 
femoral vein. A very unusual A-V fistula was demonstrated 
in case 3 between the right thyrocervical trunk and the 
internal jugular vein (Fig 1). This followed percutaneous 
puncture of the right internal jugular vein o perform a 
right-sided heart catheterization and endocardial biopsy 
on a patient with severe cardiomyopathy. Of interest, the 
summary of this procedure included a description of the 
arterial bleeding encountered during the attempted veni- 
puncture. On careful review of all the other catheterization 
procedure summaries, venous bleeding was aoted during 
attempted femoral arterial puncture in two cases. In still 
two other cases, A-V fistulas developed after right- and 
left-sided heart catheterizations via arteria and venous 
punctures in the same groin. 

The mean duration from cardiac investigational studies 
to onset of symptoms was 4.1 months (range, two to ten 
months). Congestive heart failure was the mcst prominent 
symptom, noted in five patients in this serfs. Patient 3 
did have congestive heart failure before undergcing cath- 
eterization although this problem became much more 
severe after the procedure. Angina was the ndieation for 
catheterization in the other six cases. None of these 
individuals had symptoms of congestive heart failure before 
their heart studies. Lower-extremity ischemia distal to the 
fistula was also a frequent complaint. Four patients re- 
ported the recent onset of claudication, wnile one pro- 
gressed to pain at rest. Venous problems were seen less 
frequently. Two of the patients included in tais series had 
troublesome leg swelling. One patient develooed extensive 
superficial varicosities that were complicated by repeated 
episodes of bleeding from these dilated veins. 

A clinical diagnosis of A-V fistula was suggested in all 
patients by the presence of a machinery murmur and a 
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A-V Fistulas After Cardiac Catheterization* 





Patient/ Catheterization 
Age, y Procedure Location of Fistula PEE or cert Symptoms 
1/64 L-sided heart catheterization, t Common femoral artery 3 CHF, leg swelling, 
coronary angiograms to femoral vein claudication 
























2/33 L-sided heart catheterization, t Superficial femoral 10 Claudication 
coronary angiograms artery to femoral 
vein 
3/53 R-sided heart catheterization, Thyrocervical trunk to 2 CHF 
endocardial biopsy jugular vein 


L-sided heart catheterization, 
coronary angiograms, 
abdominal aortogram 


L-sided heart catheterization, 
coronary angiograms, 
transiuminal angioplasty 


Common femoral 
artery to femoral 
vein 

Common femoral 
artery to femoral 
vein 


CHF, claudication 


L-sided heart catheterization,§ 
F-sided heart catheterization 


_-sided heart catheterization,§ 
R-sided heart catheterization 


*A-V indicates arteriovenous; CHF, congestive heart failure. 
TVenous bleeding noted during attempted arterial puncture. 
Arterial bleeding noted during attempted venipuncture. 
§Arterial and venous puncture in same groin. 





palpable thrill at the site of the lesion. Arteriography 
proved to be uniformly helpful in confirming the A-V 
fistulous communication and in localizing it (Fig 2). Surgical 
correction was undertaken in all cases. Division of the 
fistula with lateral repair of the involved arteries and veins 
was readily accomplished in the six patients with A-V 
fistulas in the groin. The jugular vein-to-thyrocervical 
trunk communication proved to be more challenging be- 
cause of its location at the base of the neck. In this case, 
the vein was divided proximal and distal to the fistula. 
This afforded satisfactory access to the involved branch of 
the thyrocervical trunk that was also ligated. After surgical 
repair, there was marked improvement of both congestive 
heart failure and lower-extremity symptoms. Improvement 
was temporary for patient 3 who died three months 
postoperatively due to advanced cardiomyopathy. All other 
patients were alive and well at the time of preparation of 
this report. 


COMMENT 


Injuries that are sustained during diagnostic and thera- 
peutic procedures account for approximately 10% of civilian 
arterial trauma.' Although many different procedures have 
been implicated, cardiac catheterization and arteriography 
are the most frequently cited causes of iatrogenic vascular 
complications." These studies are usually performed by 
percutaneous retrograde catheterization of the femoral 
artery as originally described by Seldinger.‘ Modifications 
of this technique for cardioangiography were introduced 
by Judkins.® After these diagnostic studies, local puncture 
site complications may be noted. Hematoma, false aneu- 
rysm, and thrombosis are the puncture site problems that 
are reported most frequently. Arteriovenous fistulas simi- 
lar to those included in the current report have also been 
described after cardiac catheterization or arteriographic 
studies.” This lesion is quite uncommon. Bourassa and 
Noble® found only one A-V fistula after 5250 coronary 
arteriograms that were performed by percutaneous femo- 
ral puncture, an incidence of only 0.019%. In an extensive 
review of 118591 angiographic procedures, Hessel et al’ 
noted the incidence ef this complication as 0.01% after 
transfemoral studies and 0.02% after transaxillary proce- 
dures. The incidence of A-V communications after percu- 
taneous femoral puncture for cardiac investigation in Day- 
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Superficial femoral 
artery to femoral vein 


Superficial femoral 
artery to femoral vein 





CHF, leg swelling, 
varicose veins 
with bleeding 

Claudication, 
rest pain 


"SS 


Fig 1.—Selective arteriographic study of thyrocervical trunk of 
right subclavian artery demonstrating fistulous communication to 
internal jugular vein. 


ton area hospitals was 0.017%, which is quite similar to 
that reported in previously published studies. Although it 
is a low-frequency event, A-V fistulas will be seen in most 
communities due to the large number of cardiac and 
vascular studies conducted. 

Simultaneous arterial and venous injury permits the flow 
of blood from the traumatized artery into an adjacent vein. 
As already stated, missile-induced injuries cause most 
A-V fistulas in the military setting, while stab wounds are 
responsible for those noted after civilian injuries. Arteri- 
ovenous connections have been described after surgical 
procedures on the thyroid gland, kidney, thorax, and female 
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Fig 2.—Arteriogram demonstrating arteriovenous fistula between 
femoral artery and vein. 


reproductive organs. Mass ligation of a vascular pedicle 
that includes both artery and vein is cited as the cause of 
A-V fistulas after such a diverse group of operations. 
Percutaneous vascular access, such as that routinely em- 
ployed in the cardiac catheterization laboratory, provides 
still another opportunity for simultaneous arterial and 
venous injury. Other investigators have cautioned against 
the intentional puncture of the vessels of the ipsilateral 
groin when performing both right- and left-sided heart 
studies because this increases the risk of fistula forma- 





tion." The fact that two patients in the current series 
underwent right- and left-sided heart catheterization by 
puncture of the femoral artery and vein on the same side 
supports the use of anatomically separate sites. Inadver- 
tent injury of both the artery and vein may also occur 
during percutaneous puncture. Documentation of this 
cause of fistula formation was found in the procedure 
summaries of five patients in our series. We urge close 
follow-up of those individuals who are known to have 
sustained either deliberate or accidental puncture of adja- 
cent arteries and veins during diagnostic studies. 

Symptoms of high-output congestive heart failure were 
the predominant presenting complaints in our patients. 
The shunting of arterial blood through a fistula into the 
venous circulation produces a decrease in peripheral vas- 
cular resistance, a fall in diastolic blood pressure, and an 
increase in heart rate. The decreased resistance of the 
fistula causes the development of a collateral circulation 
with dilatation of the involved vessels that further in- 
creases flow through the fistula. Progressive dilatation 
results in congestive heart failure from the markedly 
increased cardiac output. Because the secondary circuit of 
the A-V fistula offers the lower resistance of the venous 
system, flow through the involved artery distal to the 
communication is reduced. Ischemia of the affected extrem- 
ity was noted frequently among our patients. The venous 
hypertension associated with this lesion can produce leg 
swelling and prominent superficial venous collaterals. The 
latter, which may ulcerate and bleed, might be mistaken 
for varicose veins. 

The hemodynamic consequences of an A-V fistula are 
often reversible. The improvement noted among our pa- 
tients after closure of the fistula was quite gratifying in 
almost all cases. Unfortunately, some structural changes, 
such as dilatation of the proximal artery as well as cardiac 
enlargement, may not resolve with surgical correction.” 
Spontaneous cure of an A-V fistula has been described. 
This is due to obliteration by thrombus that occurs in fewer 
than 2% of cases.? As most cases are characterized by 
relentless enlargement with progression of symptoms, 
early surgical correction is advocated. At an earlier time, 
surgical intervention was delayed until there was sufficient 
collateral circulation to assure the viability of the affected 
limb after ligation of the involved arteries and veins. 
Division of the fistula with arterial and venous repair is 
now the recommended approach. Although the diagnosis 
is readily established by physical examination, angio- 
graphic demonstration of the lesion aids in planning the 
operative strategy. Exposure of the artery and vein proxi- 
mal and distal to the fistula should be achieved before 
division is attempted. Lateral suture of the vessels is 
usually possible. Occasionally, a roof patch or interposition 
graft is required to complete the arterial reconstruction. 
When the affected artery supplies a nonvital vascular bed, 
transcatheter embolic occlusion represents an alternative 
method of management." 
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Your choice of ZINACEF for surgical prophylaxis is an 
investment that can yield outstanding returns in lower 
postop infection rates, shortened hospital stays, and an 
improved bottom line for your patients. 





Significant success against staphylococci 

In a recent study, ZINACEF was shown to be 
“significantly more effective...than cefazolin in 
preventing postoperative wound infections following 
open-heart surgery’’—especially against Staphylococcus 
aureus and $ epidermidis. 





Reduces postoperative complications— 

infectious and financial 

A recent nationwide analysis revealed that each 
postoperative wound infection represents a 
nonreimbursable loss to a hospital of $2467 on average? 
By reducing the rate of infection, ZINACEF can help 
reduce these losses. 
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INDICATIONS AND USAGE: ZINACE=® is indicated tor the treatment of patients with infections caused by suscep- 

tible strainsof the designatedorganisms in the following diseases: 

1. Lower Respiratory Tract Infections, inciuding pneumonia, caused by S pneumoniae (formerly D pneumoniae), H 
influenzae (including ampicilin-resistant strains), Klebsiella sp, S aureus (penicillinase- and non-penicillinase-pro- 
ducing), Spyogenes, and E coli. 

2. Urinary Tract Infections caused by £ coii and Klebsiella sp. 

3. Skin and Skin Structure Infections caused by S aureus (penicillinase- and non-penicillinase-producing), S pyogenes, 
E coli, Klebsiella sp, and Enterobacter sp 

4. Septicemia caused by S aureus (penicillinase- and non-pericillinase-producing), S pneumoniae, E coli, H influenzae 
(inclucingampicillin-resistant strains), and Mlebsiella sp. 

5. Meningitis caused by S pneumoniae, H mtluenzae (including ampicillin-resistant strains), W meningitidis, and S aureus 
(penicillinase- and non-penicillinase-producing). 

6. Gonorrhea: Uncomplicated and disseminated gonococcal infections due to N gonorrhoeae (penicillinase- and non- 
penicillinase-producing strains) in both males and females. 

7. Bone and Joint Infections caused by S aureus (including penicillinase- and non-penicilliaase -producing strains). 
Clinical microbiological studies in skin and skin structure infections frequently reveal the growth of susceptible 

strains of both aerobic and anaerobic organisms. ZINACEF has been used successfully in these mixed infections in which 

several organisms have been isolated. Appropriate culturesand susceptibility studies should be performed to deter- 
mine the susceptibility of the causative o-ganisms to ZINACEF 
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on pth sepsis OF in patients with other serious infections in which the causative organism has not been identified, 
ZINACEF may be used concomitantly with an aminoglycoside (see PRECAUTIONS). The recommended doses of both 
antibiotics may be given depending on the severity of the infection and the patient's condition. 

Prevention: The preoperative prophylactic administration of ZINACEF may prevent the growth of susceptible disease- 

Causing bacteria and thereby may reduce the incdence of certain postoperative infections in patients undergoing surgi- 

cal procedures (eg, vaginal hysterectomy) that are classified as clean-contaminated or potentially contaminated 

procedures. Effective prophylactic use of antibiotics in surgery depends on the time of administration. ZINACEF® (sterile 
cefuroxime sadium, Glaxo) should usually be g ven one-haifto one hour before the operation to allow sufficient time to 
achieve effective antibiotic concentrations in thewound tissues during the procedure. The dese should be repeated 
intraoperatively if the surgical procedure is lengthy. 

Prophylactic administration is usually not required after the surgical procedure ends and should be stopped within 24 
hours. In the majority of surgicalprocedures, continuing prophylactic administration of any antibiotic does not reduce 
the incidence of subsequent infections but will ncrease the possibility of adverse reactions anc the development of 
bacterial resistance. 

The perioperative use of ZINACEF has also been effective during open heart surgery for surgical patients in whom 
infections at the operative site would present a serious risk. For these patients it is recommended that ZINACEF therapy 
be continued for at least 48 hours after the surgical procecure ends. If an infection is present. specimens for culture 
= = obtained for the identification of the causative organism and appropriate antimicrobial therapy should be 
instituted. 
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Delayed Formation of Gallstones After 
Transcatheter Arterial Embolization 


for Hepatocellular Carcinoma 


Is Elective Cholecystectomy Advisable During Hepatectomy? 


Kuo-Shyang Jeng, MD, Hsein-Jar Chiang, MD 


è Two hundred twenty-five transcatheter hepatic arterial 
embolizations (TAEs) were performed on 137 patients with 
hepatocellular carcinoma (HCC) during a three-year period. 
The postembolization changes of the gallbladder were studied 
by regular follow-up with ultrasonography. Twenty-four pa- 
tients (10.7%) were found to have an acute infarction of the 
gallbladder within two weeks immediately following che- 
moembolization. Gallbladder infarction was related to inade- 
quate superselectivity, regurgitation of chemoembolus, or 
unavoidable anatomic limitations. Four of the 24 patients were 
found to have delayed formation of galistones, with the time 
lapses after TAEs being 2, 2, 3, and 5 months, respectively. 
One patient underwent surgical reexploration for cholecystec- 
tomy 14 months after resection of her HCC because of 
intractable symptoms and signs of chronic cholecystitis. 
There are four possible mechanisms of development of gall- 
stones. Cholecystectomy should be performed during the 
elective hepatectomy for resectable HCC in patients who have 
received preoperative TAEs. 

(Arch Surg 1989;124:1319-1322) 


epatocellular carcinoma (HCC) is prevalent in Taiwan, 
Republic of China, and other Asian countries. During 
the past decade, transcatheter hepatic arterial emboliza- 
tion (TAE) has become a widely accepted mode of therapy, 
either for palliative treatment of unresectable hepatomas!’ 
or for preoperative management to decrease tumor 
vascularity’ and the size and possibility of micrometastasis 
of the tumor that ean be resected.” The so-called postem- 
bolization syndrome, consisting of nausea, vomiting, fever, 
abdominal pain, paralytic ileus, temporary increase of 
ascites, and transient elevation of liver biochemical values 
for one to seven days afterward,?*"” was experienced by 
the majority of the patients. We have reported unusual 
complications in the immediate post-TAE period that are 
not included in the postembolization syndrome, including 
gastroduodenal bleeding, duodenal perforation, acute pan- 
creatitis, hyperuricemia, hepatoma rupture, and gallblad- 
der infarction.” 

Ischemic necrosis of the gallbladder may be attributed 
to the inadvertent or unavoidable blockade of she cystic 
artery, anomalous vessels, or important collateral. The 
true incidence of gallbladder infarction might often be 
underestimated because of the lack of detailed studies and 


Accepted for publication May 31, 1988. 

From the Departments of Surgery (Dr Jeng) and Roentgenology (Dr 
Chiang), Mackay Memorial Hospital, Taipei City, Taiwan. 

Reprint requests to Department of Surgery, Mackay Memorial Hospital, 
No. 92, Sec 2, Chung-Shan North Road, Taipei, Taiwan, 10449 Republic of 
China (Dr Jeng). 


Arch Surg—Vol 124, November 1989 


the negligence of clinical detection following TAE. We 
conducted a prospective long-term follow-up te reeognize 
the incidence and characteristies of the late sequelae of the 
infarcted gallbladder following chemoembolzation for 
HCC and to emphasize the necessity of early cholecystee- 
tomy in patients with resectable hepatomas. 


PATIENTS, MATERIALS, AND METHCDS 


From October 1982 to December 1985, TAE was performed 225 
times in 137 patients with HCC (ten patients had resectable 
hepatomas, with the resectability being 7.3%) at Mackay Memorial 
Hospital, Taipei, Taiwan. There were 123 men and 14 women; the 
mean (+SD) age was 53.5+8.0 years for men (ramge, 26 to 71 
years) and 54.0+8.0 years for women (range, 29 to 75 years). The 
patients were classified into A, B, and C categories 140, 66, and 
19 patients, respectively) according to Child’s ceritera, and they 
were also classified into first-time TAEs and repeated TAE 
procedures (two to six procedures), with a ratio of 60.9% to 39.1%, 
respectively. 

Celiac and superior mesenteric angiographic studs were per- 
formed through femoral artery puncture and catheterization, 
before embolization, to provide an arterial map and to understand 
the hemodynamic change of portal veins. Superselective catheter- 
ization of the right or left hepatic artery was done with a 5 F C-1 
catheter (Cook Co, Bloomington, Ind) that was assisted with a 
0.035 Teflon-coated 1.5-J guide wire (Cook Co). The tip of the 
catheter was put as close as possible to the tumor. About 60 mg 
of absorbable gelatin sponge (Gelfoam) powder mixed with 
10 mL of normal saline solution and 20 mL of MD-76 Mallinckrodt 
Inc, St Louis) was injected slowly through the catheter repeatedly 
until the selected arterial blood flow ceased under flueroscopic 
monitoring. The total dose of absorbable gelatin sponge powder 
varied from 100 to 600 mg for each patient, depending on the size 
of the tumor. Six milligrams of mitomycin and 500 mg of cefazolin 
sodium were mixed with the powder for chemoembouization. 

Abdominal ultrasonography (real time, 3.5 MHz, Aloka, Tokyo, 
SSD 256) was routinely carried out for every patiert before TAE 
to evaluate the condition of the gallbladder. Within the immediate 
two weeks following chemoembolization, detailed pkysical exami- 
nations were performed daily to detect the development of local 
peritoneal signs. Abdominal ultrasound examinatoons were se- 
quentially repeated every other day for the first 14 days to detect 
any immediate change of the gallbladder, then every half month 
regularly until death or unavailability for follow-up 6.0%). 

Computed tomography and angiography of the arterial and 
venous systems of the liver were used to follow up some selected 
patients to determine the state of the liver and the neighboring 
gallbladder and the changes of the cystic artery follewing the 
embolization. Oral cholecystograms were ordered in some indi- 
cated patients. The time lapse, symptoms and signs, treatment, 
and difference in the outcome of each late complication of the 
gallbladder were recorded and evaluated. Patients with preexis- 
tent gallbladder stones or cholecystitis before TAE were excluded. 
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Fig 1.—Fatal complications developed on 12th day following third 
session of transcatheter hepatic arterial embolization on this 59- 
year-old man. Abdominal computed tomographic scan showed 
gangrene of gallbladder with perforation (single arrow) and gan- 
grene of pancreatic head (double arrows). (Free air was due to 
duodenal perforation.) 


Fig 2.—Arteriogram, performed after transcatheter hepatic arterial 
embolization for huge hepatocellular carcinoma in right lobe of 
liver, showed absence of gallbladder blood flow. Cystic artery was 
inadvertently occluded (arrow). 


RESULTS 


Twenty-four patients (21 men, three women; Child’s” 
classification A, 23 patients, and B, one patient, including 
six patients with repeated TAE procedures) with acute 
acalculous cholecystitis had conditions detected by imme- 
diate ultrasonography following chemoembolization. 
Edematous and thickened walls were found in 19 patients, 
and exudation around the gallbladder was found in five 
patients who had more severe clinical symptoms and signs. 
The onset varied from two to 12 days, with a median of 
three days. The symptoms and signs of acute cholecystitis 
in all of the patients, except one who had gallbladder 
perforation (Fig 1), disappeared after symptomatic treat- 
ment with antibiotics, analgesics, nothing by mouth, and 
parenteral nutrition for several days (median duration, five 
days). Perforation of the gallbladder due to severe infarc- 
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Features of Patients With Delayed Formation of Gallstones* 


Patient/ Total Time of TAE Immediate 
Age, y/ Procedures Complication, Echo Finding of Stone 
Sex of TAE Session of GBt Detection, mo 


1/41/0A 7 6 Double-layered 2 
wall 


Double-layered 2t 
wall with 
exudation 


Time Lapse 


2/65/= 1 1 


3/58/M Double-layered 


wall 


4/36/M Double-layered 


wall 


*TAE indicates transcatheter hepatic arterial embolization; GB, gallblad- 
der. 

tThe late echo finding of GB indicated sludge after the first month in all 
patients. 

She received a cholecystectomy 14 months after resection of hepato- 
cellular cascinoma. 





Fig 3.—At left, Right intercostal section of abdominal ultrasono- 
gram revealed acute cholecystitis with double-layered wall on 
second day following transcatheter hepatic arterial embolization. 
No stone was found in gallbladder. At right, Abdominal ultrasono- 
gram demonstrated formation of gallstone (arrow) two months 
following t-anscatheter hepatic arterial embolization. 


tion occurred in one patient on the 12th day and could be 
demonstrated by abdominal computed tomographic scans 
(Fig 1). This 59-year-old man received an emergency 
laparotomy. However, only drainage could be done owing 
to his poer general condition, and a fatal outcome ensued 
due to the involvement of multiple organs. Two patients 
had pathologic confirmation of acute gallbladder infarction 
from the surgical specimen that was taken during the 
elective hepatectomy on the 13th and 16th days after TAE. 
Occlusiomof the cystic artery could be seen from the follow- 
up angiography in 20 (83.3%) of these 24 patients (Fig 2). 
The presence of gallbladder sludge was shown on ultra- 
sonography in six (4.4%) of the 137 patients within the 
first month after TAE. All these six patients belonged to 
the group (24 patients) with an acute infarcted gallbladder 
(with a prevalence of 25%). All 137 patients received the 
regular follow-up study of abdominal ultrasonography, but 
four patients in the group without sludge dropped out later. 
Gallstone formation was found ultrasonically in four 
patients, including three men and one woman, aged 41, 36, 
58, and 65 years, respectively (Table). The total sessions 
of TAE were 7, 1, 2, and 1, and the time lapses for stone 
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Fig 4.—Left, After first session of right hepatic arterial embolization three months ago, tumor became fed by 
collaterals that also supplied gallbladder (arrows). Right, Arteriogram, performed after second session of trans- 
catheter hepatic arterial embolization, showed absence of gallbladder blood flow. Vessels were unavoidably occluded 
(arrow). 


detection were 2, 5, 3, and 2 months. All of them had the 
common ultrasonographic characteristics of movable ech- 
ogenic densities with acoustic shadow in a small and 
thickenec gallbladder (Fig 3). The 65-year-old woman, who 
had undergone a left-sided total hepatectomy for HCC on 
the seventh day following TAE, received a second operation 
for cholecystectomy in the 14th month following TAE due 
to her intractable prominent symptoms and signs of chronic 
cholecystitis. The gallstones were calcium bilirubinate in 
nature. The pathologic findings revealed a picture of 
chronic cholecystitis and thickened walls with Rokitansky- 
Aschoff sinus, ie, “intramural diverticulosis” with round 
cell infiltration. She has been followed up for four years 
without evidence of tumor recurrence and with a symptom- 
free abdaminal condition. 


COMMENT 


To our xnowledge, the unusual late complications result- 
ing from TAE reported in this study have not been 
previously described in the literature, and attention has 
not previously been given to the surgical necessity in their 
management. The idea that severe abdominal pain devel- 
oping after TAE is partially due to acute ischemia and 
necrosis of the gallbladder, induced by simultaneous em- 
bolization of the cystic artery, was first postulated by 
Chuang et al." Blockade of the blood supply to the 
gallbladder during TAE may be attributed to inadvertence 
or anatomically unavoidable limitations. The cystic artery 
usually arises from the right hepatic artery (in 80% of 
patients) Inadvertent blockade of the cystic artery may 
occur during TAE of the right lobe of the liver (Fig 2). 
Inadequate superselectivity and regurgitation of the che- 
moembolus are the main causes of this kind of injury. 
Takayasu et al proposed that regurgitation of chemoem- 
bolus was probably due to a sudden change in intra-arterial 
pressure, resulting from injection pressure and then a 
bouncing back. Kuroda et alë and Onodera et al empha- 
sized that the embolization material should be injected as 
slowly as possible to avoid reflux. A technique using 
balloon-tipped catheters has been reported as successful 
in preventing the reflux during TAE.'* However, failure 
still occurred on some occasions in our series despite the 
use of tnis technique. In some patients with repeated 
- embolizations, injury to the blood supply to the gallbladder 

during TAE may be unavoidable. After the previous em- 
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bolization of the right hepatic artery, the hepatic malignant 
neoplasm becomes fed by collaterals that may also supply 
the gallbladder (Fig 4, left). When TAE is repeated for the 
residual or recurrent carcinoma in the liver, the bloed flow 
to the gallbladder will thus be unavoidably interrupted 
simultaneously (Fig 4, right). The anatomic limitations 
contribute to the failure to prevent gallbladder mjury. 

All six patients with sludge that was deteeted ultra- 
sonically at the end of the first month had the experience 
of immediate ischemic cholecystitis. The incidence was as 
high as 25% (six of 24 patients). Four (66.7%) of these six 
patients with gallbladder sludge subsequently developed 
gallstones. As Simeone et al” and Allen et al’ described 
that small stones in sludge could not easily be detected, 
the prevalence of lithiasis might even have been underes- 
timated in our patients with sludge. Biliary sludge of the 
gallbladder, mainly calcium bilirubinate, is a precursor 
form of gallstone in some patients.'**! The gallstones of the 
only patient who underwent surgery in our series were 
also composed mainly of calcium bilirubinate. Our obser- 
vations also support the strong association of stone for- 
mation in patients with gallbladder sludge. 

How TAE plays a role in the pathogenesis of gallbladder 
sludge formation and the subsequent lithiasis remains 
unclear. We propose four possible pathogenetic mecha- 
nisms: (1) gallbladder stasis; (2) inflammation of the gall- 
bladder wall, leading to lithogenic bile formation; (3) 
alterations in the enterohepatic biliary circulation; and (4) 
superimposed infection. The sludge formation may result 
from gallbladder hypotonicity and stasis after suppression 
of oral food intake during total parenteral nutrition?” or 
by fasting.” Gurll et al showed experimentally that a 
period of gallbladder stasis could lead to gallstone forma- 
tion. In our patients, gallbladder hypotonicity and stasis 
also occurred following the cystic artery embolization 
because of the paralytic effect of ischemia and poor enteral 
intake during the episodes of acute ischemic acalculous 
cholecystitis. 

When emptying of the gallbladder is impaired, the 
stratification of bile in the gallbladder creates an interface 
between colloidal solutions of different specific gravities.” 
Stasis and stagnant collection of bile within the gallbladder 
allow the formation of spheroliths of bile pigments that 
then aggregate to produce nuclei for stone formation.” 
The absence of meals, which stimulates gallbiadder con- 
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traction during the acute infarction stage, and the altered 
motility of ischemic gallbladders contribute to gallbladder 
stasis after TAE. Another commonly accepted 
hypothesis? is that inflammation and alteration in the 
gallbladder wall lead to a change of the constituents of bile 
into lithogenic material; this results in the desquamation 
of epithelial cells of mucosa and the production of abnormal 
substances, such as nueleating substances. An alteration 
in the enterehepatic biliary circulation of bile salts result- 
ing in changes in bile composition also plays a pathogenic 
role in lithiasis.* The determinants of extrahepatic bile 
salt pool size and turnover rate are multiple, and their 
integration is complex. The mechanism of changed extra- 
hepatic biliary dynamics following TAE is suspected to be 
the paralytic effect after ischemia. The infarcted gallblad- 
der following chemoembolization may be more vulnerable 
to a superimposed infection. The bacterial origin of 
B-glucuronidase hydrolyzes conjugated bilirubin to the 
unconjugated water-insoluble form and promotes the pre- 
cipitation of calcium bilirubinate.*:* Besides, infection may 
also result in reduced gallbladder motility to abet the 
growth of stones.* The pathogenesis of gallstones is prob- 
ably multifactorial, and animal experiments will be de- 
signed for further investigation into this supposition. 
Clinically, when a patient suffers from severe right upper 
abdominal pain immediately following TAE, concomitant 
gallbladder injury should be highly suspected, especially 
if fever, leukocytosis, and local peritoneal signs coexist. 
Meticulous follow-up by abdominal ultrasonography is 
necessary to confirm the acute infarction of the gallbladder 
and to evaluate the resolution after the symptomatic 
treatment. An arteriogram, performed after TAE, may 
demonstrate the concomitant occlusion of gallbladder blood 
supply. An oral chalecystogram may be undertaken selec- 


tively in patients with severe gallbladder infarction follow- 
ing TAE to determine whether the gallbladder is function- 
ing. Our study has alerted us to the need for long-term 
follow-up after TAE due to the possibility of delayed 
complications. 

Although De Jode et al“ reported that necrosis of the 
gallbladder with the likelihood of perforation was the chief 
danger and recommended cholecystectomy as an important 
procedure, Kuroda et al, Okamura et al,’ and Onodera 
et al5 all suggested that patients with infarcted gallblad- 
ders immediately following TAE should be treated conser- 
vatively if they were kept under close observation. We 
agree that emergency surgery is not indicated for gallblad- 
der infarction resulting from embolization, but antibiotic 
treatment should be considered in view of the inflammatory 
symptoms and signs. In our opinion, surgery is only 
indicated in the perforation of the ischemic gallbladder 
(such as in the case of Fig 1), which was not reported by 
other authors; otherwise, drainage with or without chole- 
cystectomy is the treatment of choice. 

Ischemic changes of the gallbladder following TAE are 
often inadvertent or unavoidable and remain a significant 
prevalence (24 [17.5%] of 137 patients). The resultant 
gallbladder sludge formation with the subsequent stone 
formation becomes an important late sequela. Among our 
four patients with gallstones, one who had received hepa- 
tectomy required a subsequent cholecystectomy because 
of the severe clinical manifestations of cholecystitis. The 
incidence of surgical necessity is as high as 25%. For these 
reasons, cholecystectomy is recommended as elective sur- 
gery if the hepatoma is resectable, to spare a second major 
operation and repeated general anesthesia, especially for 
those patients who have had previous episodes of gallblad- 
der ischemia following TAE. 
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Severe Hypophosphatemia Following the 


Institution of Enteral Feedings 


Michael E. Hayek, MD, Patti G. Eisenberg, RN, MSN, CS 


e Although severe hypophosphatemia has been recognized 
in refeeding syndromes, it is nct a commonly reported com- 
plication of enteral nutrition. The present study was designed 
to identify cases of severe hypoohosphatemia (<0.32 mmol/L 
[<1.0 mg/dL]) related to the administration of carbohydrates 
via the enteral route. Serum phosphorus levels were evaluated 
at the time of admission of 25 patients to two midwestern 
teaching hospitals and during their postoperative enteral 
support in the surgical intemsive care unit. The initial 
serum phosphorus levels ranged from 0.77 to 1.55 mmol/L 
(2.4 to 4.8 mg/dL), serum calcium levels ranged from 1.80 to 
2.44 mmol/L (7.2 to 9.8 mg/dL). F om two to five days following 
the initiation of isotonic enteral tedings, the serum phospho- 
rus level decreased to 0.16 to 039 mmol/L (0.5 to 1.2 mg/dL). 
Serum phosphorus levels were corrected within two to ten 
days with oral supplementatiomonly. Patients with high met- 
abolic demand may have a higher daily requirement for 
phosphorus than that available in routine isotonic enteral 
formulas. 

(Arch Surg 1989;124:1325-1323) 


hosphorus is an essential element to many metabolic 

processes and is the major intracellular anion. Phos- 
phorus is necessary for normal function of red blood cells, 
leukocytes, platelets, oxygen melease from oxyhemoglobin, 
adenosine triphosphate (ATP synthesis, and the central 
nervous system. Daily requirements are found in a normal 
diet consisting of milk, milk products, eggs, fish, meat, and 
nuts. 

Severe hypophosphatemia (<0.32 mmol/L [<1.0 mg/dL]) 
has previously been reported in patients with alcoholism," 
diabetes mellitus,‘ starvation,’ antacid therapy,*® respira- 
tory alkalosis,’ and phosphoms-free hyperalimentation.* 
Severe depletion is manifested by severe muscle weakness, 
hemolysis, neurologic dysfunstion, seizures, and altered 
mental status. Clinical syndromes associated with hypo- 
phosphatemia are renal tubular disorders, intestinal mal- 
absorption syndromes, and hyverglycemia.° 

Several studies have identifed the rate of occurrence in 
the hospitalized patient. The identification of hypophos- 
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phatemia has included all degrees of depletion. The present 
study was designed to identify cases of severe hypophos- 
phatemia (<0.32 mmol/L [<1.0 mg/dL]) related to the 
initiation of carbohydrates via the enteral route. Gilbert 
et al” reported that only 101 (0.56%) of 18 088 hospitalized 
patients had severe hypophosphatemia. Juan and Elrazak” 
identified 100 patients with hypophosphatemia, but only 13 
(13%) had a phosphorus level below 0.32 mmol/L (1.0 mg/dL). 
Betro and Pain” reported that only two (2%) of 100 hospi- 
talized patients had a phosphorus level below 0.65 mmol/L 
(2 mg/dL). Vanlandingham et al," in a study of 100 patients, 
identified the incidence of hypophosphatemia (<0.81 mmol/L 
[<2.5 mg/dL]) in enteral feedings as 30%. The authors did 
not describe any reports of related causes or clinical 
manifestations in these patients. Halevy and Bulvik," in a 
retrospective chart review, identified 42 (0.8%) of 55000 
patients who had been admitted to the hospital with 
phosphorus levels of 0.32 mmol/L or less (=1.0 mg/dL). 
These authors reported that the most common causes of 
hypophosphatemia in their population included surgery, 
intravenous glucose administration, fasting, and gram- 
negative septicemia. In addition, Martin et al’ presented 
a case study of severe hypophosphatemia associated with 
intravenous rehydration, regular diet, and oral supplemen- 
tation of three cans (720 mL) of Sustacal (Mead Johnson & 
Co, Evansville, Ind) per day. 

The mechanism of action of this phenomenon appears to 
be an intracellular shift of phosphorus from the extracel- 
lular compartment to accommodate the requirement for 
phosphate in the production of ATP and increased muscle 
anabolism. The hypophosphatemia that is seen with the 
onset of enteral tube feedings may be similar to the 
phenomenon that is seen in total parenteral nutrition and 
intravenous glucose infusions. The occurrence of hypo- 
phosphatemia was first documented in the post-World War 
II refugee camps by Burger et al. Gundersen et al” 
described hypophosphatemia after intravenous glucose 
infusion. They attributed the hypophosphatemia to an 
intracellular shift of phosphate following insulin stimula- 
tion of hexokinase activity and formation of phosphorylated 
hexose intermediates, leading to the production of ATP. 
Phosphorus shifts primarily to the liver and muscle cells. 
Phosphate concentration in red blood cells may also de- 
crease, resulting in a decrease in 2,3-diphosphoglycerate, 
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Table 1.—Summary of Cases 


Hospital 


Admission 












Feeding Phosphorus 
Phosphorus, Supplement, 
mg/dl/dt mg/dL/dt 


Patient/Sex/ 
Age, y 





Diagnosis* (mg/dL) 
































1/F/84 A 0.84/2.44 0.9/3 0.55/3 
(2.6/9.8) 
2/M/76 B 1.19/1.89 0.29/4 1.77/10 
(3.7/7.6) 
3/F/82 C 0.81/1.95 0.19/2 1.10/4 
(2.5/7.8) 
4/M/68 D 0.94/1.95 0.26/2 1.23/4 
(2.9/7.8) 
5/F/78 A 1.03/2.02 0.35/3 0.90/3 
(3.2/8.1) 
6/M/76 E 0.84/1.97 0.29/2 1.00/3 
(2.6/7.9) 
7/F/88 E 1.13/2.14 0.26/4 1.35/6 
(3.5/8.6) 
8/M/72 E 1.23/2.09 0.23/3 1.03/3 
(3.8/8.4) 
9/M/84 E 0.94/1.95 0.29/2 1.13/4 
(2.9/7.8) 
10/M/80 E 0.81/2.04 0.29/2 0.94/3 
(2.5/8.2) 
11/F/75 B 1.29/2.27 0.32/3 1.23/3 
(4.0/9.1) 
12/M/32 A§ 1.16/2.39 0.16/4 0.81/2 
(3.6/9.6) 
13/M/38 Gt 1.48/2.29 0.23/5 1.03/4 
(4.6/9.2) 
14/F/42 Gt 1.23/2.40 0.19/3 0.94/3 
(3.8/9.6) 
15/M/48 Dt 1.35/2.19 0.26/3 1.23/4 
(4.2/8.8) 
16/M/68 B 0.87/1.95 0.19/2 1.00/5 
(2.7/7.8) 
17/F/76 E 1.03/2.29 0.29/4 0.90/4 
(3.2/9.2) 
18/M/43 Gt 1.16/2.34 0.23/3 1.03/4 
(3.6/9.4) 
19/M/51 Gt 1.55/2.19 0.26/2 1.13/3 
(4.8/8.8) 
20/F/80 E 1.03/1.97 0.39/2 0.87/3 
(3.2/7.9) 
21/M/76 E 1.35/2.07 0.32/3 0.94/3 
(4.2/8.3) 
22/M/73 F 1.06/2.27 0.26/4 1.00/4 
(3.3/9.1) 
23/M/81 E 1.13/2.09 0.16/2 1.23/3 
(3.5/8.4) 
24/M/83 D 0.90/1.90 0.26/4 1.06/3 
(2.8/7.6) 
25/M/64 At 0.77/1.80 0.19/3 1.03/3 






(2.4/7.2) 





*A indicates multiple fractures; B, cerebrovascular accident; C, sepsis; D, 
acute abdomen; E, multiple medical/surgical problems; F, stab wounds; and 
G, gunshot wounds. 

td indicates dey laboratory changed after tube feeding began. 

d indicates days it took to correct the laboratory value while giving 
medication. 


causing a shift of the oxyhemoglobin curve to the left. 
Previous studies*** identified severe hypophosphatemia 
in patients who were receiving hyperalimentation in the 
absence of phosphorus supplementation. In this report, we 
identify a group of patients in whom severe hypophospha- 
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Table 2.—Phosphorus Content and Energy Value of Enteral 
Formulas* 










J/mL (Calories/mL) 
4.2 (1.00) 
4.2 (1.00) 





Formulas, g/L 
Attaim, 0.50 
Attaim LS, 0.63 








Compleat B, 1.30 4.5 (1.07) 
Compleat B mod, 0.93 4.5 (1.07) 






Comply, 0.94 6.3 (1.50) 


Criticare HN, 0.53 4.4 (1.06) 
Enrica, 0.72 4.6 (1.10) 


Ensure, 0.53 


Ensure Plus, 0.71 














Meritene liquid, 1.20 4.0 (0.96) 


Traumacal, 0.75 






















Vitanead, 0.67 4.2 (1.00) 


*Per manufacturer product information. 
tThe erteral formula used in this study was standardized to Osmolite. 


temia occurred after enteral feeding using formula that 
contained standard phosphorus supplementation. 


PATIENTS AND METHODS 


Serum phosphorus levels were evaluated in 25 patients in the 
surgical -ntensive care unit admitted to Regional Medical Center 
and Jewish Hospital at Washington University, St Louis, during a 
six-monta period. The laboratory values were obtained when the 
natient was admitted to the hospital (before undergoing surgery) 
and during his or her postoperative enteral support. All of the 
patients ~eceived intravenous fluids before the initiation of enteral 
feedings. None of the patients were receiving antacid therapy. 


RESULTS 


Twenty-five patients, ten women and 15 men, were a A 


followed up by the surgical house staff. They ranged in age 
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from 32 to 88 years, with a median age of 68.7 years. Of 
the 25 patients, a subgroup consisting of seven (28%) was 
known to have alcohol or other drug abuse. Of this group, 
one woman and six men ranged in age from 32 to 64 years, 
with a median age of 45 years. Analysis of the other 18 
patients, mine women and nine men, revealed an age range 
of 68 to 88 years, with a median age of 77 years. 

The diagnoses at the time of hospital admission were as 
follows: multiple fractures (four patients); cerebrovascular 
accident (three patients); sepsis (one patient); acute abdo- 
men (three patients); gunshot wound (four patients); stab 
wound (one patient); and multiple medical/surgical prob- 
lems (nine patients), ie, aortobifemoral bypass, perforated 
duodenal ulcer, or gastric mass (Table 1). Diets before 
hospital admission could not be determined. 

Data were collected throughout their surgical recovery 
in the hospital. The enteral formula was standardized to 
Osmolite (Ross Laboratories, Columbus, Ohio) with an 
initial comtinuous delivery rate of 105 to 209 J/h (25 to 
50 keal/h) (2512 to 5023 J/d [600 to 1200 calories per day]) 
and was increased based on the patient’s tolerance. 

The serum phosphorus level at the time of hospital admis- 
sion ranged from 0.77 to 1.55 mmol/L (2.4 to 4.8 mg/dL) 
(laboratory normal ranges, 0.81 to 1.61 mmol/L [2.5 to 
5.0 mg/dL]) with the median value of 1.10 mmol/L 
(3.4 mg/dL). The hospital admission serum calcium level was 
also noted to range from 1.80 to 2.44 mmol/L (7.2 to 
9.8 mg/dL) (laboratory normal ranges, 2.12 to 2.62 mmol/L 
[8.5 to 10.5 mg/dL]), with a median value of 2.12 mmol/L 
(8.5 mg/dL). 

Two to five days (median, day 3) following the initia- 
tion of enteral feedings (Osmolite), the serum phosphorus 
level was noted to be decreased in the range of 0.16 to 
0.39 mmel/L (0.5 to 1.2 mg/dL). 

All 25 patients were administered an oral phosphate 
mixture Neutra-Phos, Willen Drug Co, Baltimore) via the 
enteral tube. The serum phosphorus level, which was 
monitored daily, returned to normal after two to ten days 
(mean, 3.8 days) with oral supplementation. 


COMMENT 


This report identifies asymptomatic hypophosphatemia 
after the onset of carbohydrate administration as part of 
enteral tube feedings. The decrease of serum phosphorus 
levels was often dramatic. The marked decrease in serum 
phosphorus levels observed was directly attributable to 
the enteral feedings since hypophosphatemia does not 
occur from isotonic dextrose alone.”? In addition, the 
hypophosphatemia we observed was not attributable to 
patients receiving antacids that contain aluminum or mag- 
nesium hydroxide that bind the phosphorus.* 

Serum hypophosphatemia was rectified with supplemen- 
tal phosphorus (Neutra-Phos) added to the continuous 
infusions of formula. This form of phosphate contains 
250 mg of phosphorus, 7.1 mEq of sodium, and 7.1 mEq of 
potassium per capsule. Our patients were given one capsule 
every six hours. To our knowledge, this is the first group 
of patients described to have hypophosphatemia corrected 
with oral supplementation of phosphorus. Lentz et al? 
recommended only parenteral replacement for severe hy- 
pophosphatemia due to the gastrointestinal side effects, 
such as diarrhea or malabsorption. 

Silvis and Paragas” identified the occurrence of hypo- 
phosphatemia four to seven days after the initial energy 
infusion, whereas Knochel‘ stated that hypophosphatemia 


occurs on the second to fourth days during administration 


of a large carbohydrate load. Our patients had a decrease 
in their serum phosphorus levels from two to five days 
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later (average, three days). In the subgroup of patients 
with a history of alcohol or other drug abuse, hypophos- 
phatemia also occurred from two to five days later (one 
patient, two days; three patients, three days; one patient, 
four days; and one patient, five days). Thus, physicians 
should monitor the serum phosphorus level daily for the 
first five days of initial carbohydrate loading to be able to 
identify changes when they occur. 

Moderate hypophosphatemia (range, between 0.32 and 
0.81 mmol/L [1.0 to 2.5 mg/dL]) has previously been 
identified to occur in the patient with starvation and 
glucose administration. The phosphorus level generally 
remains normal or decreased slightly in the starved patient, 
whereas the decline with glucose administration has de- 
creased the serum phosphorus level but does not exceed 
0.16 mmol/L (0.5 mg/dL).* These two associated factors in 
our patient population do not explain the severe hypophos- 
phatemia that occurred when enteral alimentation was 
initiated. 

Martin et al described a patient who entered the 
hospital with a serum phosphorus level of 1.77 mmol/L 
(5.5 mg/dL). Following rehydration, regular diet, and oral 
supplementation of 3014 J (720 calories) of Sustacal (Mead 
Johnson & Co) per day, the patient was noted to have a 
serum phosphorus level of 0.23 mmol/L (0.7 mg/dL) on 
hospital day 5. Correction of the patient's serum phospho- 
rus level was attempted with three separate doses of oral 
phosphate (total, 750 mg) before the deterioration of his 
condition and his transfer into the intensive care unit. On 
the eighth day of hospitalization, the patient suffered a 
cardiopulmonary arrest and died. 

Elderly patients with poor nutritional status or disease 
states with large metabolic demands would exhibit whole- 
body phosphate depletion. Hence, these patients would 
also be predisposed to hypophosphatemia on the onset of 
carbohydrate loading. However, whole-body depletion is 
not necessary to account for the transcellular shift of 
phosphorus one sees with total parenteral nutrition and, 
logically, enteral tube feedings. 

The commercial tube feeding preparations available con- 
tain adequate maintenance doses of phosphorus to meet 
the recommended daily allowance (Table 2). All the com- 
mercially available tube feedings have been found to contain 
50 to 60 mg/dL of phosphorus. Lentz et al have identified 
that the recommended daily dose of phosphorus repletion 
for patients is between 2.5 and 5.0 mg/kg of body weight if 
the hypophosphatemia is recent and uncomplicated. Juan? 
has recommended 62 mg/kg daily in patients receiving 
hyperalimentation to prevent hypophosphatemia. In our 
patient population, replacement included 1.0 g orally (via 
the enteral tube), along with the 0.53 g/L provided by the 
formula. This supports findings from previous reports that 
serum response to phosphorus therapy is unpredicta- 
ble. 15,21,23 

Patients with high metabolic demands may have a higher 
daily requirement than available in the routine isotonic 
formula. These formulas may not meet the requirements 
necessary to accommodate the massive transcellular shifts 
and possible whole-body depletion of phosphorus found in 
these patients. In addition, such patients are often receiv- 
ing antacids that bind phosphate and may further exacer- 
bate the severity of the hypophosphatemia. 

Enteral feedings are being used more in the treatment 
of the hospitalized and home care patients. As noted in 
these patients, one must suspect that hypophosphatemia 
will occur and should therefore evaluate patients for the 
clinical manifestations, as well as for serum levels. 

As a result of our experiences, several recommendations 
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can be made to the clinician when an enteral formula is 
being initiated. Before the onset of the enteral tube 
feedings, a laboratory baseline determination of the serum 
phosphorus level should be obtained. Laboratory tests, 
including serum phosphorus levels, should be done on a 
daily basis until energy maintenance is obtained. If nec- 


essary, the enteral formula should be supplemented im- 
mediately with one of the commercially available phospho- 
rus preparations when hypophosphatemia is first noted. 
Further research is needed for the identification of the 
clinical subset of patients most susceptible to hypophos- 
phatemia from enteral alimentation. 
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JAMA 
The 1987 US Hospital AIDS Survey 


Dennis P. Andrulis, MPH, PhD; Virginia Beers Weslowski, MPA; Larry S. Gage, JD 


In 1987, the National Public Health and Hospital Institute conducted a national survey of 623 acute-care 
hospitals te obtain information relating to inpatient and outpatient care for persons with acquired 
immunoceficiency syndrome (AIDS). Two hundred seventy-six hospitals reported treating persons with 
AIDS; the average length of stay was 16.8 days. Average costs and revenues per inpatient day were $681 and 


$545, respectively, with a cost per patient per year of $17910. Estimated cost for AIDS inpatient care during 
1987 was $486 million; Medicaid represented the primary payer. Regional and ownership comparisons for 
this year and between 1985 and 1987 indicated significant differences in utilization, payer source, and 
financing. Results suggest major differences in reimbursement and losses related to payer source or lack of 
insurance, with many hospitals that serve large numbers of low-income persons with AIDS encountering 
moderate to severe financial shortfalls. We conclude that increasing concentrations of persons with AIDS in 
relatively few hospitals in large cities may make it more difficult to secure the broader political base 
necessary to obtain adequate support for treatment (JAMA. 1989;262:784-794). 
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Vitamin B, Levels in Patients 


With Carpal Tunnel Syndrome 


Joseph E. Fuhr, PhD; Arlene Farrow; H. Sperry Nelson, Jr, MD 


è Vitamin B, levels were determined in patients with idio- 
pathic carpal tunnel syndrome. Results from this limited study 
strongly suggest that vitamin B, deficiency may accompany 
carpal tunnel syndrome. This study did not address the 
question of the causal relationship between vitamin B, status 
and development of symptoms. 

(Arch Surg 1989:124:1329-1330) 


Heati controversy has arisen regarding the role of 
vitamin B, deficiency in the etiology of idiopathic 
carpal tunnel syndrome (CTS). Ellis et alt? and Smith 
et al have reported severe vitamin B, deficiency in patients 
with CTS and uniform improvement following treatment 
with vitamin supplementatien. In contrast, Scheyer and 
Haast reported neither symptomatic improvement nor 
improved median nerve sensory conduction velocity in 
patients treated with supplemental vitamins. The current 
study was undertaken to evaluate vitamin B, status in 
patients with CTS. 


PATIENTS AND MATERIALS 


All test subjects were female patients evaluated to have CTS; 
they had either undergone surgical decompression in the past or 
were scheduled for surgery. Control subjects were asymptomatic, 
healthy female volunteers in the same age range as that of the 
patients. 

Venous samples were obtained after informed consent was given. 
Plasma was separated from packed cells by centrifugation as soon 
as possible after drawing the sample. Samples were kept on ice or 
frozen at — 80°C if the assay was not to be performed immediately. 
Pyridoxal phosphate was determined in plasma by the tyrosine 
decarboxylation assay, as described by Hamfelt.* 

Plasma diluted with an equal volume of 0.1 mol/L of potassium 
acetate, at a pH of 5.5, was reacted at 37°C for 30 minutes 
with purified tyrosine carboxylase apoenzyme (L-tyrosine decar- 
boxylase apoenzyme, Sigma Chemical Co, St Louis). Subse- 
quently, tritiated tyrosine (NEN-Dupont, Boston, 1+0.88 Ci/ 
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mol x0.6 mL, 1.0 10° cpm) was determined following extrac- 
tion with ethyl acetate and radioactive determination in a scin- 
tillation spectrometer (Packard, Downer’s Grove, Ill). Plasma 
values were compared with results from a standard curve gener- 
ated by adding varying concentrations of pyridoxal phosphate 


Each circle indicates value obtained from individual patient. Open 
circles in carpal tunnel syndrome column indicate patients who 
have had surgical decompression 12 months or more prior to 
vitamin B, determination; solid circles in carpal tunnel syndrome 
column, patients scheduled for surgery. 


35 





30 


=~ 
r: fe 
E 
c 
a) 
£ 
Z 15 
& 
> 
10 


Patients With 
Idiopathie Carpal 
Tunnel Syndrome 


Normal 
Subjects 


Carpal Tunnel Syndrome—Fuhr etal 1329 


(pyridoxal 5’ phosphate, Sigma Chemical Co, 0.6 to 20.2 nmol/L, 
at a pH of 5.5) in place ef plasma samples. 


RESULTS 


The average serum vitamin B, level in normal controls 
was almost 2.5-fold above the average value determined in 
patients with CTS. Patients with CTS were considered 
whether they were current patients with CTS or had 
experienced surgical decompression several years previ- 
ously. 

Although the average values would indicate no overlap, 
analysis of values determined in individual patients indi- 
cates that not all patients experiencing CTS have a detect- 
able deficiency of vitamin B, (Figure). Values in some 
patients were as low as 1% of the normal vitamin level. A 
comparison of the vitamin B, levels of the six control 
subjects (22.5+3 nmol/L) with the levels of the eight 
patients with CTS (9.03+3 nmol/L) was made using the 
Mann-Whitney U test. The lower vitamin B, levels observed 
for patients with CTS were found to be statistically 
significant with a P value of .01. It is also noteworthy that 
a deficiency may exist in individuals who have had surgical 
decompression. Two of the three patients (Figure, open 
circles) who were surgically treated prior to these deter- 
minations expressed symptomatic discomfort on the con- 
tralateral side; these were also the individuals with de- 
pressed values of plasma vitamin B,. The one patient who 
received surgical decompression and who remained asymp- 
tomatic had normal values of plasma vitamin B,. 


COMMENT 


The average vitamin B, level in patients with CTS 
determined in this study would tend to confirm the reports 


of Ellis -t al'* and Smith et al,* who have reported 
deficiencias in patients with CTS. On the other hand, there 
was no attempt at therapeutic intervention in this study 
and, therefore, no statement can be made relative to the 
role vitamin B, deficiency may play in the pathogenesis of 
CTS. Scheyer and Haas‘ reported no improvement in the 
patients in their study who were given replacement ther- 
apy. In that study, subjective improvement as well as 
objective improved nerve conduction velocity were not 
apparent. Although the difference in vitamin B, level 
between -he two groups was statistically significant, the 
possibility must be accepted that individuals with CTS 
could be divided into two groups—one with depressed 
vitamin E, levels and the other with levels in the normal 
range. The present data would indicate that not all patients 
presenting with CTS have detectable vitamin B, deficiency. 
A larger study population will be necessary to assess 
accurately the incidence of vitamin B, deficiency in patients 
experiencing idiopathic CTS. It would appear, however, 
that surgical decompression may afford relief for varying 
durations but that a vitamin deficiency could persist. It is 
of interest that two of the patients in this study who 
received surgery had depressed levels of vitamin B, and 
were demonstrating symptoms of CTS on the contralateral 
side. The results of this brief study do not support the 
conclusion that all patients presenting with CTS be given 
replacement vitamin therapy. On the other hand, the data 
suggest taat part of the total workup of patients with CTS 
should include a nutritional evaluation, in particular, a 
determination of vitamin B, status. 


This investigation was supported by an award from the Physicians’ 
Medical Education and Research Foundation, Knoxville, Tenn. Mary Leit- 
naker assist=d with the statistical analysis. 
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ARCHIVES OF NEUROLOGY 
The Trials of Clinical Trials 
Guy M. McKhann, MD 


Controlled clinical trials are becoming increasingly frequent m neurology. A review of the literature 
indicates that several trials have serious flaws in study design and conduct that render the results questionable 
or uninterpretable. These reports, together with my own experierce with the trial of plasmapheresis in the 


treatment of acute Guillain-Barré syndrome, have led me to concluce that while the formulation of the crucial 
research question and the definition of outcomes as a measure of efficacy are extremely important, the 
availability of a compliant patient population of appropriate size ard the compliance by the study physicians 
are essential. Moreover, close cooperation with the statistician in planning the trial and the statistical 
strategy for analysis is also critical. Suggestions are made to aid the clinician in setting up the most 
efficacious trial and reporting the results (Arch Neurol. 1989;46:6M-614). 

Reprint requests to Department of Neurology, Johns Hopkins University School of Medicine, Baltimore, MD 21205 (Dr 


McKhann). 
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Experimental Aortic Replacement 
With a Vascularized Tissue Graft 


William H. Coltharp, MD 


e Prosthetic graft infection in the aortic position remains a 
catastrophic complication of aortic replacement. In an effort 
to incorporate the advantages of vascularized tissue into 
aortic replacement, the practicality of infrarenal aortic re- 
placement was investigated in dogs by a vascularized, mus- 
culofascial, pedicie graft. Eight dogs underwent laparotomy, 
and the left rectus abdominus muscle, its posterior rectus 
sheath, and underlying peritoneum were used to construct a 
tube graft based on the inferior epigastric vascular pedicle. A 
2- to 4-cm section of the infrarenal aorta was resected, and 
the tube graft was interposed, Aortography documented graft 
patency immediately and at 1, 6, and 10 months. Gross and 
histologic examination of the grafts at one month revealed 
viable skeletal muscle in the pedicle graft, with a thin layer of 
fibrin deposition on the luminal surface. Ten months after 
insertion, the microscopic examination again revealed patent 
vessels in the graft and a neoendothelial layer that lined the 
luminal surface of the graft. Successful replacement of the 
dog infrarenal aorta can be performed using a tube graft as 
part of a vascularized, musculofascial, pedicle flap. The po- 
tential for its use in the infected field is intriguing and deserves 
further study. 

(Arch Surg 1989;124:1331-1334) 


(ss used prostheses in aortic replacement sur- 
gery for obstruction or aneurysmal disease have 
proved to be adequate substitutes with good graft patency 
and a low incidence of graft-related complications.'! How- 
ever, an aortic prosthesis in an infected field remains 
hazardous.* Because of the well-documented success of 
vascularized muscle flaps in the management of a variety 
of septic surgical problems,** the possibility of using a 
vascularized tissue graft for aortic replacement in the 
septic setting stimulated my interest in living tissue grafts. 
The purpose of this study was to investigate the feasibility 
and practicality of infrarenal aortic replacement by a 
vascularized graft constructed from a rectus abdominus 
musculofascial, pedicle flap based on the inferior epigastric 
vascular bundle. 
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Fromthe Department of Surgery, Division of Cardiac Surgery, University 
of Mississippi Medical Center, Jackson. Dr Coltharp is now with St Thomas 
Hospital and Cardiovascular Surgery Associates, Nashville, Tenn. 

Reprint requests to 4230 Harding Rd, Suite 501, Nashville, TN 37205 
(Dr Coltharp). 


Arch Surg—Vol 124, November 1989 


MATERIALS AND METHODS 


The study group consisted of eight dogs that weighed from 15 
to 25 kg. The National Institutes of Health guidelines for the care 
and use of laboratory animals were strictly observed. Each animal 
underwent induction of general anesthesia by intravenous infusion 
of pentobarbital sodium (40 mg/kg), and additioma] doses were 
administered as necessary. A vertical abdominal incision was made 
approximately 0.5 em right of the midline and carried down to the 
right-sided rectus sheath, the anterior and posteriar fascial layers 
of which were also divided 0.5 cm lateral to the midline. The 
anterior fascia of the left-sided rectus sheath was incised just left 
of the midline and dissected away from the rectus abdominus 
muscle so that the muscle was free of it anteriorly and laterally. 
The posterior rectus sheath and peritoneum were then divided 
about 1 cm lateral to the border of the muscle along the length of 
the exposed muscle. The rectus abdominus muscle, posterior 
sheath, and peritoneum were then transected superiorly, creating 
a musculofascial, pedicle flap based inferiorly en the inferior 
epigastric vascular pedicle (Fig 1). 

The infrarenal aorta was then dissected from surrounding 
tissues, and side branches between the renal arteries and aortic 
bifurcation were ligated and divided. 

A glass tube that approximated the size of the infrarenal aorta 
was then used as a stent, around which the distal end of the 
pedicle graft was wrapped, allowing the distal end of the graft to 
be sewn to itself proximally with a double row of 5-9 proline suture 
using a running stitch. In this fashion, a musculofascial tube was 
created, the inside of which was lined by peritoneum (Fig 2). 

The animal was heparinized (100 U/kg), and the aorta was 
clamped immediately distal to the renal arteries and proximal to 
the bifurcation. A 2- to 4-cm length of the aorta was e giséd. The 
tube graft was interposed between the transected aortic ends and 
sewn into place with a running 5-0 proline suture at each anasto- 
mosis. The clamps were removed, and aortic flow was restored 
(Fig 3). 

An aortogram was performed by injecting 30 mL of a half- 
strength mixture of diatrizoate meglumine and diatrizoate sodium 
(Hypaque-M 90) through a 16-gauge catheter that was inserted 
into the abdominal aorta immediately proximal to the native 
aorta-tube graft anastomosis. Roentgenograms of the abdominal 
aorta and runoff were then taken. The pedicle graft was sutured 
to the posterior peritoneum in the lower part of the abdomen to 
prevent internal hernia. 

The abdomen was closed by approximating the remaining 
anterior rectus sheath fascia on the left side and the anterior and 
posterior rectus sheath fascia on the right side. An aortogram 
was repeated at one month in all animals, at which time two 
animals were killed for histologic examination of the musculofascial 
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Fig 1.—Vascularized musculofascial graft, based on inferior epi- 
gastric pedicle, demonstrates peritoneal-lined surface of graft, 
later to be luminal surface of tube graft. 





Fig 2.—Tube graft is formed by sewing graft to itself after being 
wrapped around stent. 





Fig 3.—Graft has been inserted into aortic circulation and flow 
restored. A indicates native aorta; G, graft; and MP, muscle pedicle. 


grafts. The remaining six animals underwent repeated aortogra- 
phy at six and ten months postoperatively, using the same 
technique described above. Two animals were killed at ten months, 
again for histologie examination of the grafts. 


RESULTS 
All animals had patent grafts as shown by aortograms 
at operation and four weeks postoperatively. Aortograms, 
performed six and ten months (Fig 4) postoperatively in 
the six remaining animals, demonstrated patent grafts. 
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Fig 5.—Graft, harvested at ten months, has shortened, cordlike 
pedicle. Luminal surface is smooth with less thrombus adherence 
than before. 


The average graft width, as obtained from the initial 
aortograms, was 11 mm. The six aortograms, done at ten 
months, had an average graft width of 14.1 mm for a 3.1- 
mm graft width dilatation in the ten-month study period. 

Gross examination of the grafts that were harvested one 
month postoperatively revealed viable-appearing skeletal 
muscle in the pedicle. There was some scattered thrombus 
adherence to the luminal surface, covering approximately 
20% of the surface area. Histologically, viable skeletal 
muscle and patent vasculature were present in the pedicle. 
A thin layer of fibrin deposition covered the peritoneum- 
lined luminal surface of the graft. 
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luminal surface (arrow) at ten months (hematoxylin-eosin x 200). 


The rectus abdominus musculofascial pedicle appeared 
to be shortened and cordlike on gross examination ten 
months after operation, and the lumen had less thrombus 
adherence, covering less than 5% of the luminal surface 
area (Fig 5). Microscopically, as before, atrophic muscle 
and patent vessels were present in the pedicle. The luminal 
surface had acquired a single-cell neointimal layer (Fig 6), 
and the graft wall contained viable skeletal muscle in 
addition to the patent vessels (Fig 7), which had also been 
present in the wall of the graft one month postoperatively. 


COMMENT 


The search for the ideal arterial substitute was begun in 
1906, when Carrel and Guthrie® used venous and arterial 
homografts for arterial replacement in dogs. Goyannes* 
perpetuated this logic by first employing a venous autograft 
in human arterial reconstruction. Gross and colleagues’ 
are given credit for launching the modern era of vascular 
surgery by successfully employing human arterial homo- 
grafts in the construction of aorta—pulmonary artery con- 
nections in patients with tetralogy of Fallot and for repair 
of aortic coarctation in 1948. This promising experience 
led to wider incorporation of homografts in vascular sur- 
gery, as Dubost et al,* in 1952, reported the initial success- 
ful excision of an abdominal aortic aneurysm and replace- 
ment by an aortic homograft that had been preserved for 
three weeks. Szilagyi and Hemmer’ and DeBakey and 
Cooley” performed similar operations in 1952; soon, varied 
centers were employing aortic homografts in treating aortic 
obliterative and aneurysmal disease.'! However, reports of 
complications of imperfect homograft preservation and 
degenerative changes in these homografts appeared," and 
these reports, coupled with the inconvenience of procure- 
ment and insufficient supply to meet demands, stimulated 
development of prosthetic aortic grafts." 

In 1952, Voorhees and associates“ reported their expe- 
rience with Vinyon “N” fabric prostheses used as canine 
aortic replacement. Two years later, Blakemore and 
Voorhees’ reported ten cases of successful abdominal 
aortic aneurysm resection and interposition of a Vinyon 
“N” fabric graft, each of which remained patent at ten- 
month follow-up. The ensuing employment of Ivalon, Orlon, 
Dacron, Teflon, and velour-marked refinements in the 
function of fabric prostheses, and later polytetrafluoro- 
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Fig 7.—Patent vessels (arrows) and viable muscle (M) are dem- 
onstrated in wall of graft ten months postoperatively. L indicates 
lumen (hematoxylin-eosin, x 100). 


ethylene (polytef), was introduced for aortic replacement; 
the use of which appeared to be particularly applicable in 
the management of ruptured aneurysms.” 

Despite improved long-term results of graft function 
with the refinements listed above, fabric prostheses con- 
tinue to be associated with a low, but finite, incidence of 
complications, including the catastrophic prosthetic graft 
infection.* 

This persistent incidence of prosthetic graft-related 
complications has stimulated investigation of aortic substi- 
tutes that are constructed from autogenous tissue. In 1952, 
Cousar and Lam" reported a series of canine experiments, 
using the rectus sheath with peritoneal lining for aortic 
patch repair and tube graft replacement. No aneurysmal 
dilatation occurred in 15 months of follow-up, and micro- 
scopic examination revealed endothelial lining of the grafts. 
However, Kehne and Sensenig'® and Holdefer et al” also 
reported series of incorporating the rectus sheath in 
vascular repair, and results from both series were compli- 
cated by aneurysmal dilatation. To my knowledge, no 
investigation of autogenous vascularized, living tissue as 
an infrarenal aortic replacement has been reported, even 
though the success of pedicle and vascularized free mus- 
cular grafts in varied reconstructive surgeries has been 
well documented.* 

The method used in the present study demonstrates that 
the rectus abdominus muscle with its underlying posterior 
rectus sheath and peritoneum is particularly suitable for 
such a study, as it is easily accessible, is supplied by the 
inferior epigastric vascular pedicle when transected supe- 
riorly, and has ample length for incorporation in the 
abdominal aortic circulation. The success of this model was 
documented roentgenographically by the aortograms that 
were obtained at six and ten months after graft insertion. 
The patency of blood vessels and viable musculature found 
on histologic examination of the grafts are important and 
particularly promising, as they substantiate the applica- 
bility of the theoretical advantages of employing vascula- 
rized, autogenous tissue rather than a foreign body for 
aortic replacement, and in so doing, they establish this 
model’s potential for study of aortic replacement in an 
infected field. 

The single-cell layer that lined the lumen of the grafts, 
examined ten months after graft interposition, is intrigu- 
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ing. The cells in this layer resembled endothelial cells by 
light microscopy, although definitive studies to determine 
whether or not they had the ultrastructural and functional 
characteristics of endothelial cells were incomplete. Their 
presence probably reflected the ability of the dog to 
incorporate vascular grafts into the native circulation by 
developing an endcthelial layer, as has been previously 
demonstrated. 

Graft dilatation did occur in our model (3.1-mm luminal 
width increase during ten months). Additional studies are 
needed to determine the long-term course of such dilatation 


and its effects on wall strength. The possibility of replacing 
a temporary vascularized tissue graft with a permanent 
prosthesis before significant dilatation occurs, but after 
the initial aortic problem has been treated, is suggested 
by the present results. 

In two dogs that had an inadequate length of aorta 
resected before graft interposition, aortograms revealed 
“buckling” of the graft due to excess length. This problem 
was reacily corrected in subsequent animals by trimming 
the pedicle graft or resecting additional aorta to get a 
better length match before graft insertion. 


References 


1. Kouchoukos NT, Levy JF, Balfour JF, et al: Operative therapy for 
aortoiliac arterial ecclusive disease: A comparison of therapeutic methods. 
Arch Surg 1968;96:628-635. 

2. Moore WS: Infeetion in prosthetic vascular grafts, m Rutherford RB 
(ed): Vascular Surgery. Philadelphia, WB Saunders Co, 1984, pp 413-424. 

3. Scully HE, Leclerc Y, Martin RD, et al: Comparison between antibiotie 
irrigation and mobilization of pectoral muscle flaps in treatment of deep 
sternal infections. J Thorae Cardiovasc Surg 1985;90:523-531. 

4. Mathes SJ, Nahai F: Clinical Applications for Muscle and Musculo- 
cutaneous Flaps. St Louis, CV Mosby Co, 1982. 

5. Carrel A, Guthrie CG: Uniterminal and biterminal venous transplan- 
tations. Surg Gynecol Obstet 1906;2:266-270. 

6. Goyannes DJ: Substitution plastica de las arterias por las venas, 6 
arterioplastia venosa, aplicada, como nuevo metodo, al tratamiento de los 
aneurismas. J El Siglo Medico 1906;53:546-561. 

7. Gross RE, Hurwitt ES, Bill AH, et al: Preliminary observations on 
the use of human arterial grafts with treatment of certain cardiovascular 
defects. N Engl J Med 1948;239:578-579. 

8. Dubost C, Allary M, Oeconomos N: Resection of an aneurysm of the 
abdominal aorta. Arch Sung 1952;64:405-408. 

9. Szilagyi DE, Hemmer JA: Resection of aortic bifurcation and replace- 
ment with homologous graft for aneurysm. JAMA 1954; 154:751-753. 

10. DeBakey ME, Cooley DA: Surgical treatment of aneurysm of abdom- 
inal aorta by resection anc restoration of continuity with homograft. Surg 
Gynecol Obstet 1953;97:257-266. 


11. Szilagyi DE, Smith RF, Overhulse PR: Resectional surgery of the 
abdominal aorta. Arch Surg 1955;71:491-511. 

12. Haye SJ, Warren R: Follow-up studies of iliofemoral arterial recon- 
structiomin arteriosclerosis obliterans. N Engl J Med 1956;254:102-106. 

13. DeBekey ME, Cooley DA, Crawford S, et al: Clinical application of 
a new flexile knitted Dacron arterial substitute. Am Surg 1958;24:862- 
869. 

14. Voerhees AB, Jaretzki A, Blakemore AH: The use of tubes con- 
structed fram Vinyon ‘N’ cloth in bridging arterial defects. Ann Surg 1952; 
135:332-386. 

15. Blakemore AH, Voorhees AB: The use of tubes constructed from 
Vinyon ‘N’ cloth in bridging arterial defects—experimental and clinical. 
Ann Surg 1954;140:324-334, 

16. Creech O, Deterling RA, Edwards S, et al: Vascular prostheses: 
Report ofthe Committee for the Study of Vascular Prostheses of the Society 
for Vascular Surgery. Surgery 1957;42:62-80. 

17. Kempezinski RF: Vascular grafts—an overview, in Rutherford RB 
(ed): Vascular Surgery. Philadelphia, WB Saunders Co, 1984, pp 361-366. 

18. Cousar JE, Lam CR: Rectus sheath grafts in vascular repair. Arch 
Surg 1952;69:471-476. 

19. Keine JH, Sensenig DM: Arterial replacement with rectus fascia. 
Arch Surg %956;72:516-519. i 

20. Holdefer WF, Edwards S, Dowling ER: Autologous rectus fascia as 
an arterial replacement. Arch Surg 1968;97:124-127. 


In Other AMA Journa s 


ARCHIVES OF INTERNAL MEDICINE 


Personal Characteristics, Career Plans, and Specialty Choices of Medical Students Elected 
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Among US medical graduates in 1983, personal characteristics, career plans, and specialty choices of men 
and women elected to Alpha Omega Alpha (AOA), the honor medical society, differed in a number of ways 


from those of their non—AOA classmates. Students in AOA scored significantly higher on each subtest of the 
Medical College Admission Test, were disproportionately white, and had a higher proportion of parents 
achieving a post-high school education. Members of AOA participated in undergraduate medical research 
and authored papers during medical school significantly more frequently than those who were not members 
of AOA, planned a major career commitment to research, and planned careers in academic medicine 
significantly more frequently than these who did not belong to AOA. In contrast, neither religious preference, 
among students from Catholic, Jewish, or Protestant backgrounds, nor gender differentiated members of 
AOA from non-AOA members. Among the 15 specialties studied, internal medicine subspecialties and internal 
medicine attracted the highest proportion of students elected to AOA. (Arch Intern Med. 1989;149:576-580). 
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The Snapping Scapula in Association 
With the Thoracic Outlet Syndrome 


Virchel E. Wood, MD, Joseph Michael Verska, MD 


èe Thirteen of 100 patients treated for thoracic outlet syndrome 
by first-rib resection postoperatively developed an associated 
painful superior angle of the scapula, or snapping scapula syn- 
drome. The scapula angle was painful in 15 scapulas and the pain 
persisted in these 13 patients. Resection of the superior angle of 
the scapula was performed on 9 patients (11 snapping scapulas) 
with complete relief of symptoms. We propose that snapping 
scapula syndrome be considered a causative factor for apparent 
failure of thoracic outlet surgery. 

(Arch Surg. 1989;124:1335-1337) 


N ormally, the scapula glides over the thoracic wall cush- 
ioned from the undulating surface of the ribs by heavy 
muscles, the serratus anterior and the subscapularis. The 
superior and inferior angles and the medial border are not 
well cushioned, and small projections or angles may cause 
friction defects, Any alteration in the smooth relationship of 
the scapulothoracic articulation can be painful and cause audi- 
ble sounds and crepitation, which is annoying to the patient. 


MATERIALS AND METHODS 


This report is a result of our original study on the thoracic outlet in 
which we examined 100 patients who had 120 first-rib resections 
using the transaxillary approach.’ In reviewing these patients with 
thoracic eutlet syndrome (TOS), we found that 13 patients (15 scapu- 
las) developed painful snapping scapulas. Appropriate treatment 
required removal of 11 superior angles of the scapulas ir. 9 patients. 
Results of the study are illustrated in the Table. 

The syndrome occurred in a relatively young population, and 12 of 
the 13 patients were women. No statistically significant difference 
was found between the right and left sides. The superior angle of the 
scapula became painful on the same side in which the first rib was 
resected for TOS. Six of the 9 patients in whom 11 superior scapulas 
were removed have been followed up for a period of 2 years. The 
patient with the longest follow-up had her superior scapula removed 
over 7'/2 years ago. Each patient experienced immediate relief of pain 
following excision of part of the scapula. Only 2 patients have some 
grinding and pain persisting, but these symptoms have almost sub- 
sided. The 4 patients who were not operated on either refused further 
surgery or are awaiting possible surgery if the pain does not 
diminish. 


Accepted for publication December 12, 1988. 

From the Department of Orthopaedic Surgery, Loma Linda (Calif) Universi- 
ty Medical Center. 
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OPERATIVE TECHNIQUE 


The patient lies prone with the arm hanging over the side of the 
table. In this position the vertebral border of the scapula becomes 
prominent. The entire arm is prepared and draped to allow adequate 
manipulation during the surgical procedure. A hockey-stick-shaped 
incision is made, starting over the medial border of the scapula and 
curving laterally over the superior angle (Fig 1). The skin is incised 
and the muscle layers are split in the direction of their fibers by using 
sharp and blunt dissection. The medial and superior »orders of the 
scapula are exposed. The trapezius muscle is split in tae direction of 
its fibers. The rhomboid and levator scapulae muscles are carefully 
dissected from the scapula until the bone is completely exposed. At 
this point, the undersurface of the scapula can be easily seen and 
palpated. 

A piece of scapula, roughly triangular in shape (Fig 2), is removed 
with a bone cutter. The piece that is resected measures approximate- 
ly 5x3 x3 em and extends to the spine of the scapula. The amount of 
bone removed is that which is deemed necessary to prevent rubbing 
between the superior scapular edge and the chest wall. The bone 
edges are smoothed and hemostasis is obtained. The muscle edges are 
carefully reapproximated with polyglycolic acid (Dexen) suture and 
the skin is reapproximated using a subcuticular stitch. Postoperative 
therapy is usually not necessary. Persistent soreness ef the shoulder 
may require gentle shoulder pendulum exercises. 


Snapping Scapula 


Sex/ 
Age, y 
F/46 
F/43 3y8mo 
F/32 5y 
F/32 
F/24 
F/41 T No surgery 
F/34 
F/32 
F/30 
F/35 
F/39 
M/31 
F/24 


Scapula 
Involved 


R&L 


Treatment 
Resect both 
Resect 


Follow-up 
4mo 


Resect 
Resect both 
No surgery 


3y1mo 


Resect 
Resect 
No surgery 
No surgery 
Resect 
Resect 
Resect 
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Fig 1.—A hockey-stick-shaped incision is made over the superior 
angle of the scapula andthe trapezius muscle split in the direction of its 
fibers. 


COMMENT 


The condition of snapping scapula was first investigated in 
1867 by Boinet.* Since then, articles have appeared infre- 
quently by researchers reporting in the English, French, and 
German literature. Milch’ described four cases in 1950, and 
Parsons‘ discussed five cases in 1973. The snapping scapula 
remains a rare problem and, therefore, is seldom discussed in 
the medical literature. 

Symptoms can beceme quite significant. Patients complain 
of pain, particularly m the shoulder girdle, with any upper- 
extremity movement. Soft-tissue irritation of the superior 
angle of the scapula leads to a severe aching type of neck pain 
and shoulder discomfort that penetrates the entire region. 
Mauclaire’’ divided the sounds produced by movement of the 
scapula into three main classes: (1) froissement, a gentle 
friction sound that must be considered pathological; (2) frotte- 
ment, a somewhat louder sound; and (3) craquement, a loud 
snapping noise that represents pathological importance. 

When the patient displays loud snapping the sound com- 
mands enough attention to the shoulder to obtain treatment, 
but the significance of the gentle grating sounds is largely 
overlooked. The great majority of patients fall into the second 
category and complain not only of the disturbing sound but 
also of disabling pain.’ These patients are often described as 
neurotic and are referred for consultation to an internist or 
neurologist. They are usually treated with heat and massage, 
yet seldom are referred to an orthopedic surgeon for an 
appropriate diagnosis and surgery, if indicated. 

Several causes of snapping scapula have been elucidated. 
The subscapular bursa, anterior angulation of the superior 
scapular angle, subscapular osteochondromas, omovertebral 
bones, tumors, and deformities of the ribs may all contribute 
to snapping scapula. 

The tubercle of Luschka as a causative factor in snapping 
scapula deserves special comment. Its superior angle may be 
abnormally enlarged by a small bony or fibrocartilaginous 
nodule situated on the anterior aspect. Grunfield and Ger- 
hard* noted that this small fibrocartilaginous nodule situated 
in the anterior aspect was first described by Luschka; hence, 
known as Luschka’s tubercle. In 1872, Gruber and Wenzel” 
reported finding the tubercle in 7 of a series of 20 cadaver 
dissections. Some authors believe that the tubercle is the 
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Fig 2.—The rhomboid muscles and levator scapulae are dissected 
from the bone, and the superior angle of the scapula is removed with a 
bone cutter. The muscles are then sutured to each other. 


cause of crepitation; others dispute its causal relationship. We 
have seen one abnormal tubercle in our surgical exposures. It 
seems more reasonable to us that bony lipping or irregular- 
ities from fractured ribs produce such a type of derangement. 

The mest common cause of snapping scapula postulated is 
an abnormal relationship between the scapula and thoracic 
cage secendary to poor posture. Included in this group of 
patients are lesions of the scapulothoracic muscles, lesions of 
the subseapular bursa, and lesions of the scapula itself, as 
previously enumerated. 

The reason patients with TOS have a much greater propor- 
tion of snapping scapulas than the general population is not 
known. I= seems reasonable to assume that snapping scapula 
accounts Zor some so-called failures of thoracic outlet surgery 
reported in the literature." Some of these patients can be 
cured by a resection of the superior angle of the scapula. The 
snapping scapula as a cause of continuing pain in TOS has 
never appeared in the literature. Because the roentgeno- 
grams of these individuals reveal no obvious pathologic cause, 
poor posture with sagging of the shoulder girdle should be 
seriously considered as the cause of the snapping or grating 
since these problems often disappear when the scapula be- 
comes passively elevated. 

Scapular crepitus has been reported in instances where the 
muscles mterposed between the scapula and thorax have 
become atrophied. It has been observed in cases where the 
serratus anterior has atrophied as a result of paralysis of the 
long thoracic nerve, and when the subscapularis muscle has 
undergone atrophy as a result of surgical fusion of the gleno- 
humeral joint. In removing the first rib for TOS problems, we 
noted several cases with obvious long thoracic nerve paraly- 
sis. It is possible that minor atrophy from disuse and a change 
in the mechanics of the rib cage following first-rib resection 
allows the snapping scapula to occur. We have had only one 
snapping scapula associated with long thoracic nerve 
paralysis. 

Thirteen of 100 patients we treated by first-rib resection for 
TOS experienced a painful superior angle of the scapula syn- 
drome or a snapping scapula. The syndrome persisted in 15 
scapulas. Conservative measures, including local injections, 
are usually tried first. Exercises to improve posture are 
recommended, but if the pain persists and becomes unbear- 
able, resection of the superior angle of the scapula is recom- 
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mended. Nine of these 13 patients have had superior scapular 
resections with relief of symptoms. Therefore, we propose 
that one should look for a snapping scapula in any patient who 


has persistent pain in the shoulder girdle following a first-rib 
resection. This painful syndrome may easily be cured with a 
resection of the superior angle of the scapula. 
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Invited Commentary 


This report describes a clinical condition that most surgeons are 
unfamiliar with, yet the problem apparently is more common and 
distressful than generally realized. Although the snapping scapu- 
la is not related to TOS, the two conditions may coexist. The 
authors emphasize that persistent shoulder pain following an 
operation for TOS should not be dismissed as a poor surgical result 
or due to psychosomatic factors, but should be carefully evaluat- 
ed, as further treatment of asecond problem may offer substantial 
relief. 

Although a snapping scapula is reported in 13 of the 100 patients 
treated for TOS by the authors, it has not been so frequent in my 
experience. I feel that removal of the first rib to deccmpress the 
outlet does not cause snapping scapula, but both syndromes may 


be related to shoulder trauma and chronic muscle spasm. Body 
habitus plays a major role in causation, as the few patients I have 
seen have been extremely thin and have little soft tissue to 
cushion theseapula as it glides over the corrugated surface of the 
rib cage. 

The diagnosis of painful snapping scapula syndrome is simple 
from history and manual examination. Conservative treatment 
may be tried but often proves unsuccessful. Fortunately, the 
operation described in this report offers good results with little 
risk. 

DavipD B. Roos, MD 
Denver, Colo 
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Detection of Metastatic Breast Carcinoma With Monoclonal Antibodies to Cytokeratins 
Daniel D. Sedmak, MD; Ted A. Meineke; David S. Knechtges, MD 


The presence of axillary metastases in carcinoma of the breast is of major prognostic significance. The 
avidin-biotin complex immunohistochemical method was used to determine if a monoclonal antibody cocktail 
(AE1/AE3) to cytokeratins was as specific and sensitive in detecting metastases as routine light microscopic 
examination of hematoxylin-eosin (HE)-stained sections. This study was unique in that identical sections 
were examined by both standard HE and immunohistochemical methods. Ninety hyperplastic axillary lymph 
nodes, removed from 14 female patients for a variety of diagnostie reasons, demonstrated no epithelial cells 
by either technique. Six of 42 nodes removed from five patients with breast cancer and known axillary 
metastases demonstrated tumor cells when examined with HE, whereas 13 of these nodes demonstrated 
cytokeratin-positive metastases. The immunohistochemical detection of cytokeratin-positive axillary metas- 
tases is both specific and sensitive (Areh Pathol Lab Med 1989;113:786-789). 

Reprint requests to Department of Pathology, The Ohio State University, 4170 Graves Hall, 333 W 10th Ave, Columbus, 


OH 43210-1239 (Dr Sedmak). 
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Breast Masses in Young Women 


Charles M. Ferguson, MD, R. Waldo Powell, MD 


è To better define the risk of breast cancer in young patients, 
a retrospective review of all breast biopsies in women under 
age 40 years at Grady Memorial Hospital, Atlanta, from Dec 1, 
1981, to Aug 15, 1987, was performed. During this time, 751 
biopsies were performed on patients aged 9 to 40 years. None 
of the 128 patients aged 20 years or less had carcinoma. Of 
150 patients aged 21 to 25 years, two had carcinoma. At age 
26, there began a steady rise in the incidence of carcinoma, 
such that in the 36- to 40-year age group, carcinoma was 
present in 24.4% of the specimens. This retrospective review 
confirms previous reports that suggest that carcinoma of the 
breast is distinctly unusual in patients under age 20 and that 
breast masses in these young patients should be managed 
conservatively. As the incidence of carcinoma increases with 
the age of the patient, one’s threshold for excisional biopsy 
should decrease. 

(Arch Surg 1989;124:1338-1341) 


valuation of breast masses in young women continues 
to be a problem. Despite the presence of mammog- 
raphy and fine-needle aspiration cytology, excisional biopsy 
remains the “gold standard” for diagnosis of breast masses. 
However, numerous series attest to the low incidence of 
carcinoma in young women and to the potential cosmetic 
disfigurement that may result from breast biopsy in young 
women, particularly in adolescents.'* Despite these fac- 
tors, most surgeons continue to excise all dominant breast 
masses, regardless of patient age. An alternative in female 
adolescents is observation of breast masses followed by 
simple excision as the patient nears completion of breast 
development.’ After adolescence, nonsuspicious breast 
masses are commonly observed for one or two menstrual 
cycles to see if the mass spontaneously resolves. However, 
this observation period could result in delay in diagnosis of 
breast cancer in these young women. 

To make decisions in the management of breast masses 
in young women, one must have some idea of the risk of 
the mass’ being cancerous. This study is an attempt to 
define the risk of breast cancer in young women and to 
evaluate modes of diagnosis of breast cancer in these young 
women. 


Accepted for publication Sept 6, 1988. 
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METHODS 


Through computerized search of pathology records, all patients 
aged 40 years and under who had breast biopsies performed 
between Dec 1, 1981, and Aug 17, 1987, were identified. Review 
of the pathology reports was performed, but there was no review 
of actual specimens. Patients were grouped by age (=20, 21 to 25, 
26 to 30, 31 to 35, and 36 to 40 years) for reporting purposes. 
Patients with breast cancer were reviewed in detail. Radiology 
and cytology reports were reviewed to ascertain the sensitivity of 
mammography and aspiration cytology. 


RESULTS 
Patient Population 


From Dec 1, 1981, to Aug 17, 1987, seven hundred fifty- 
one patients aged 40 years and under had breast biopsy 
performed at Grady Memorial Hospital, Atlanta. All were 
women. The age range was 3 to 40 years, and, interestingly, 
there was an even distribution of biopsy frequency across 
the age groups (Table). Overall, the most frequent patho- 
logic finding was fibroadenoma (283 cases), followed by 
nonspecific fibrocystic disease (200 cases), which included 
sclerosing adenosis, apocrine metaplasia, and adenosis. 
Invasive carcinoma was present in 48 biopsy specimens 
(6.4%) and showed a marked variation according to age 
(Figure). 

Patients Under Age 20.—One hundred seventy-eight 
patients under age 20 underwent breast biopsy, and fibro- 
adenoma was the most frequent diagnosis, occurring in 
125 (70.2%) of these patients. Fibrocystic disease was also 
common, occurring in 23 (12.9%) patients. Carcinoma was 
not seen in this age group, though three patients did have 
lobular or ductal hyperplasia. Seven patients had benign 
cystosarcoma; all were treated by local excision. There was 
one case of rhabdomyosarcoma in a 3-year-old that was 
metastatic from a vulval primary tumor and one case of 
dermatofibroma. | 

Patients Aged 21 to 25.—There were 150 biopsies 
performed on patients aged 21 to 25, and again fibroade- 
noma was the most frequent pathologic finding, occurring 
in 74 patients (49.3%). Fibrocystic changes were the 
primary finding in 37 biopsies (24.6%), and, interestingly, 
nonlactational breast abscess was the third most common 
cause for breast biopsy, occurring in 21 specimens (14%). 
There were no in situ carcinomas found in this age group, 
but two patients (1.3%) had invasive ductal carcinoma, and 
both had axillary metastasis on pathologic examination. 
Both of these patients had clinically obvious breast cancer 
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Pathologic Findings by Age Group 


Aged <20 y 
(n=178) 


| Aged 21-25 y 
Pathologic Finding (n=150) 
Fibroeystic disease 

Fibroadenoma 


Hyperplasia 
Ductal 


Lobular 
Cystosarcoma 
Carcinoma in situ 

ctal 

Lobular 
Invasive carcinoma 

Duetal 

Lobular 

Medullary 
Miscellaneous 

Cyst 

Fat necrosis 


(stage HI) and did not have mammography or aspiration 
cytology as part of their diagnostic evaluation. 

Patients Aged 26 to 30.—One hundred twenty-eight 
biopsies were performed on patients aged 26 to 30. Fibro- 
cystic disease was the most common finding, occurring in 
42 patients (32.8%). Fibroadenoma and nonlactational 
breast abscess each occurred in 34 patients (26.5%). Five 
patients were found to have ductal hyperplasia. One patient 
was found te have intraductal carcinoma, and there were 
no lobular in situ carcinomas. Five patients (3.9%) had 
invasive ductal carcinoma, but there were no other histo- 
logie types of invasive carcinoma found. Three of the five 
patients with invasive carcinoma underwent axillary dis- 
section and were found on histologic examination to have 
axillary metastasis; the other two patients did not undergo 
axillary dissection, as they were treated with chemother- 
apy and radiotherapy for stage IV malignancy. 

Malignancy in this age group was diagnosed at an 
advanced stage. Three patients were in stage IV at diag- 
nosis. Mammography and aspiration cytology were not 
generally used for diagnostic evaluation of these patients; 
one of them did have mammography, but the film was 
normal. One patient had a clinically obvious stage III 
breast cancer and did not have mammography or aspiration 
cytology in her diagnostic evaluation. One patient had 
stage II breast cancer at diagnosis. Again, mammography 
and aspiration cytology were not used in her evaluation. 

Patients Aged 31 to 35. — One hundred forty-eight breast 
biopsies were performed on women aged 31 to 35. Of these, 
46 (31%) revealed fibrocystic disease. Fibroadenoma and 
nonlactational breast abscess were also common in this age 
group, occurring in 31 (20.9%) and 33 (22.2%) patients, 
respectively. Hyperplastic lesions were much more common 
in this age group than in younger women, occurring in 12 
biopsy specimens (8.1%). Eleven were ductal hyperplasia 
and one was lobular hyperplasia. There were no instances 
of intraductal carcinoma or lobular carcinoma in situ in 
this age group. Thirteen patients (8.7%) had invasive ductal 
carcinoma; five had axillary metastasis on histologic ex- 
amination, six had no metastasis on histologic examination, 
and twe had unknown nodal status. Again, there were no 
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Aged 26-30 y 
(n= 128) 





% 


Aged 36-40 y 
(n=147) 


Tetal 
(n=751) 


Aged 31-35 y 
(n= 148) 


instances of lobular or medullary carcinoma in this age 
group. 

Mammography was performed in eight of the 13 patients 
with carcinoma and was considered highly suspicious of or 
diagnostic of malignancy in six instances (75%). Aspiration 
cytology was performed in nine of the 13 patients and was 
highly suspicious or diagnostic of malignancy in eight 
(88.8%); the one remaining aspiration cytology was unsat- 
isfactory due to an acellular smear. 

Patients Aged 36 to 40.—One hundred forty-seven 
breast biopsies were performed on patients aged 36 to 40. 
Fibrocystic disease was the most common finding, occur- 
ring in 52 patients (35%). Carcinoma was the second most 
common finding in this age group, with 36 patients (24.3%) 
exhibiting in situ or invasive carcinoma. Infiltrating ductal 
carcinoma was most frequent (26 patients), followed by 
ductal in situ carcinoma (seven patients), medullary carci- 
noma (two patients), and lobular in situ carcinama (one 
patient). Fibroadenoma was found much less frequently 
than in younger women, occurring in 19 patients (12.9%), 
and nonlactational breast abscess was found in only 16 
patients ag: :8%). 

Of the 36 patients with breast cancer in this age group, 
the pathologic status of the lymph nodes was unknown in 
eight. Fifteen patients had pathologically negative nodes 
following axillary dissection, and 13 patients had nodes 
that contained metastasis. 

Mammography was performed on 17 of the patients with 
malignancy and was positive in 11 (64.7%). Two patients 
had their malignancies diagnosed by mammogram alone 
(followed by wire-directed biopsy), while all the other 
patients had palpable masses. Aspiration cytology was 
performed on eight patients and was highly suspicious of 
or diagnostic of malignancy in four (50%). One patient had 
an unsatisfactory smear due to the presence of blood in the 
aspirate. 


Mammography 
Mammography was performed on only 26 of 57 patients 
with malignancy. In 17 of these patients, the mammogram 
was interpreted by the radiologist to be either diagnostic 
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of or highly suspicicus of malignancy, for a sensitivity of 
65.4%. Six of the 17 abnormal mammograms were in 
patients who had either a clinically obvious inflammatory 
carcinoma (erythema of skin or peau-de-orange) or a breast 
mass measuring 6 em or more in diameter, but the remain- 
ing 11 patients had masses that were not particularly 
suspicious of malignancy by physical examination. Thus, 
in this review, mammography was somewhat helpful in the 
evaluation of breast masses. 


Aspiration Cytology 


Fine-needle aspiration cytology was performed on only 
17 of the 57 patients with breast cancer. In these 17 
patients, 12 had cytelogic findings highly suspicious of or 
diagnostic of malignancy, for a sensitivity of 70.5%. Seven 
of these 12 specimens from aspiration cytology were from 
patients with small (<2 cm in diameter) breast tumors, 
while the remaining five with abnormal cytology were from 
patients with clinically obvious breast cancer (inflamma- 
tory carcinoma or advanced local carcinoma). Thus, in this 
small series of patients, aspiration cytology did appear to 
be of value in the diagnosis of breast cancer. 


COMMENT 


Carcinoma of the breast is distinctly unusual in young 
women, but it does occur. There are reports of carcinoma 
of the breast in women under the age of 20, though this 
occurrence is extremely rare.*? In this review, none of the 
240 women under age 24 undergoing breast biopsy had 
malignancy. Of the 456 women aged 30 years and under 
who had breast biopsy, only eight (1.8%) had carcinoma. 
Though these figures are not surprising, they are not well 
known. Certainly this knowledge of a low rate of malig- 
nancy in young women helps to justify a noninvasive 
approach to the evaluation of breast masses in young 
women, consisting of aspiration cytology and possibly 
mammography before excisional biopsy. As the risk of a 
breast mass’ being malignant increases with patient age 
(Figure), one’s threshold for biopsy should drop. 

The usefulness of mammography for evaluation of breast 
masses in young women has been questioned. The breasts 
of young women tend to be extremely dense and poorly 
suited to mammography. Early reports suggested that 
mammography was insensitive in the detection of breast 
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cancer in young women, with detection rates as low as 
37%. Hewever, more recent reviews have shown that as 
techniques have improved, the sensitivity of mammography 
has also improved, such that sensitivities of 65% to 90% 
are reported.*” Our sensitivity of 65.4% is in accordance 
with recent reports. 

We believe mammography is most useful in the detection 
of clinically occult lesions and has limited value in the 
evaluation of a palpable breast mass. Thus, only 45% of the 
women who were found to have breast cancer had a 
mammogram performed as part of their diagnostic evalu- 
ation. This low rate of use is also partially explained by the 
lack of availability of mammography. Since dedicated mam- 
mography was not available at Grady Memorial Hospital 
until Deeember 1983, none of the patients in the first 24 
months of the study had this modality available. However, 
even in the final year of the study, 22% of the patients who 
were subsequently found to have breast cancer did not 
have mammography performed in their evaluation. At our 
institution, mammography is occasionally used for evalua- 
tion of clinically nonsuspicious masses in young women, 
but it is not generally used for evaluation of masses that 
are believed clinically to require excision. 

Aspiration cytology has been reported to be a highly 
sensitive and specific method for the diagnosis of breast 
cancer. Aspiration cytology has been used as the primary 
procedure in the evaluation of solid breast masses at Grady 
Memoria! Hospital since 1984. In patients of all ages, 
aspiration cytology has a sensitivity of 74% and specificity 
of 100% in the detection of breast cancer at our Breast 
Clinic. In the present series of young women, aspiration 
cytology was performed on only 17 of the 57 patients with 
breast cancer. This low use rate reflects the fact that the 
procedure was not performed before 1984 and was often 
not performed on patients with clinically obvious breast 
cancer. At present, aspiration cytology is used in the 
evaluation of virtually all breast masses at the first clinic 
visit. False-positive diagnoses are extremely rare with 
aspiration cytology, and a positive result allows early 
discussion of therapeutic options for breast cancer and one- 
stage surgical therapy. Aspiration cytology is also of value 
in the diagnosis of nonsuspicious or indeterminate masses 
in young women. As these young women are commonly 
observed for resolution of the mass through one or two 
menstrual cycles, aspiration cytology may allow earlier 
diagnosis. 

Controversy exists regarding the prognosis for young 
women with breast cancer. While it is widely believed that 
their prognosis is worse than that for older women," there 
are substantial data that suggest that stage for stage there 
is no difference.'*'* Our few patients and limited follow-up 
do not allow analysis of survival statistics. Many of our 
young patients presented with advanced disease (28% in 
stage III or IV), but late presentation of breast cancer is 
common at our hospital (46% of patients of all ages 
presented in stage III or IV in 1985). 

An interesting finding from this review was the high 
incidence-of nonlactationa!l breast abscess. Fifteen percent 
of the 751 breast biopsies on young women were performed 
for nonlactational breast abscess, either peripheral or 
subareolar. As carcinoma of the breast may occur in 
association with abscess, it is standard practice at our 
hospital to obtain biopsy specimens of the cavity wall at 
the time of drainage of a breast abscess. No carcinomas 
were found in association with abscess in these young 
patients. The etiology of breast abscesses remains unclear. 
Hypotheses include trauma, concomitant cutaneous infec- 
tion elsewhere, epidermal cyst, and nipple inversion.'**! 
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We have been unable to demonstrate any clear predisposing 
factor in our population. 

Of some concern is the relatively high incidence of 
nonspecific fibrocystic disease found on biopsy. In this 
review, 25.6% of biopsies revealed fibrocystic disease only. 
Though it is often difficult clinically to differentiate dense 
fibrocystic disease from carcinoma (particularly diffuse, 
intraductal carcinoma), it appears that the yield of biopsy 
in such patients is extremely low. In our 456 patients 
younger than 31, only eight (1.8%) were found to have 
carcinoma, while 102 (22.4%) had nonspecific fibrocystic 
disease. With such a low expected yield from breast biopsy 


in such young patients, we are now cautiously subs-ituting 
aspiration cytology for formal biopsy in women under the 
age of 30 with dense fibrocystic disease and indistinct 
breast masses. 

In conclusion, breast cancer is ex=remely untsual in 
women under age 30 at Grady Memorial Hospital. The 
probability of a breast mass’ being cancerous increases 
with age. Aspiration cytology is extremely valuabk in the 
evaluation of breast masses in young women, ard if no 
suspicious findings are evident, observation for resolution 
of the mass seems warranted, particularly in younger 
women. 
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Gallstone Formation During Weight-Reduction Dieting 
Rodger A. Liddle, MD; Ruth B. Goldstein, MD; Joan Saxton, MD 


We investigated the development of gallstones over an 8-week period from the onset of dieting ir 51 obese 
men and women and 26 nondieting control subjects. Gallbladder examinations were performed by abdominal 
real-time ultrasonography for the detection of gallstones. Initial sonography was performed prior -o dieting 
and only those subjects in whom initial sonograms showed no gallstones or sludge were included in zhe study. 
Repeated sonography was performed at 4-week intervals for 8 weeks while they remained on a 2100-kJ/d 
diet. Initial weight of subjects prior to dieting averaged 105.9+3.8 kg (162% of ideal body weight) and 
decreased to 89.4+3.2 kg (137.3% of ideal body weight) after 8 weeks of dieting. Sonography performed 
after 4 weeks of dieting revealed new-onset gallbladder sludge in 1 subject and gallstones in 4 subjects. 
After 8 weeks of dieting sludge was detected in 3 subjects and gallstones in 13 (25.5%). In contrast, none of 
the nondieting subjects developed any detectable gallbladder abnormalities. During the dieting period, 1 of 
51 subjects developed symptoms of biliary colic, necessitating cholecystectomy. On cessation of dieting with 
reinstitution of normal feeding, 2 additional subjects with stones developed symptoms severe enough te 
require cholecystectomy. In all 3 cases, cholesterol gallstones were recovered at the time of surgery. Eleven 
of the 13 patients with gallstones were followed up for 6 months after discontinuation of the diet. Besides 
the 3 undergoing cholecystectomy, 4 subjects had gallstones on follow-up ultrasound examinatzon, while 
sonographically detectable gallstones had disappeared in 4 subjects. We conclude that this form ef weight- 
reduction dieting predisposes to the development of gallstones and that gallstone formation is a risk of this 
type of prolonged calorie restriction. Dissolution or evacuation of gallstones may occur with resumption of a 


normal diet (Arch Intern Med. 1989;149:1750-1753). 
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Clinical Notes 


Splenic Injury During Colonoscopy 


Paul F. Gores, MD, Lee A. Simso, MD 


è Splenic injury was associated with a flexible fiberoptic co- 
lonoscopy and required an urgent splenectomy. Injuries to vis- 
cera other than the colon during colonoscopy are rare, and the 
diagnosis is frequently delayed. Excessive traction on the splen- 
ocolic ligament or on preexisting adhesions, resulting in capsu- 
lar tears, is the presumed mechanism of injury. Although com- 
puted tomography may be helpful, the greatest aid to an early 
diagnosis is the knowledge that this complication may occur. 

(Arch Surg. 1989;124:1342) 


olonoscopy is a generally safe and well-tolerated proce- 

dure. Hemorrhage is the most frequent major complica- 
tion and is related to polypectomy, occurring in 1% of cases.’ 
Perforation, the most serious complication, occurs in 0.1% of 
cases.’ Injuries to other viscera are rare. In this article, we 
summarize a case of splenic rupture following celonoscopy. 


REPORT OF A CASE 


A 60-year-old woman underwent a colonoscopy with snaring of an 
8-mm adenomatous polyp at 40 cm. The patient had not had previous 
abdominal surgery, and the procedure was performed without appar- 
ent difficulty. After a l-hour period of observation, she was dis- 
charged from the hospita! in stable condition. Six hours after the 
colonoscopy, she began to experience increasingly severe abdominal 
pain, especially in the left upper quadrant. 

Twelve hours after the colonoscopy, she returned and, in addition 
to abdominal pain, she complained of left shoulder pain and was light- 
headed. She was noted to have a blood pressure of 92/70 mm Hg anda 
heart rate of 120 beats per minute. Her abdomen was mildly distend- 
ed and diffusely tender, especially in the left upper quadrant. Bowel 
sounds were present. Results of a rectal examination were normal; 
the stool was guaiac-positive but without gross evidence of blood. Her 
hemoglobin level was 102 g/L, and her leukocyte count 19.2 x 10°/L. 
Abdominal flat and upright roentgenograms revealed no evidence of 
free air within the peritoneal cavity. 

At laparotomy, 2600 mL of blood and clot was evacuated, with the 
majority of the clot found in the left upper quadrant. Inspection of the 
spleen revealed that the entire convex surface was stripped of its 
capsule, which was found to be still attached to the splenic flexure of 
the colon. The denuded surface of the spleen contained numerous 
superficial lacerations. There was no other intra-abdominal patholog- 
ic condition present. A splenectomy was performed, and a histologic 
examination revealed no pathologic changes other than superficial 
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lacerations and hemorrhage. She made an uneventful recovery and 
was discharged on the fourth hospital day. 


COMMENT 


Injuries to viscera other than the colon following flexible 
fiberoptie colonoscopy are rare. Two large surveys compris- 
ing almost 13 000 colonoscopies failed to reveal a single case of 
extracolcnic injury. ’” 

There aave been eight cases of splenic injury reported,*” 
including-one with an associated injury to the left lobe of the 
liver and transverse mesocolon.’ At laparotomy, either tears 
in the splenic capsule or actual avulsion of the capsule, as in 
our case, have been found. The presumed mechanism of inju- 
ry is excessive traction on the splenocolic ligament or on 
preexisting adhesions between the spleen and colon. This can 
occur in tae absence of any apparent technical difficulty” and 
without apolypectomy or biopsy being performed. ** 

The potential for splenic capsular injury during colonos- 
copy has not been generally appreciated, and the diagnosis of 
splenic injury following colonoscopy is frequently delayed,*””” 
with abdeminal pain being attributed to the air introduced 
during the procedure or to postpolypectomy “serositis.” In 
equivocaLcases, computed tomography may be helpful; how- 
ever, the knowledge that this complication may occur, along 
with a hizh index of suspicion, is the greatest aid to early 
diagnosis 


References 


1. Macrae FA, Tan KG, Williams CB. Towards safer colonoscopy: a report 
on the complications of 5000 diagnostic or therapeutic colonoscopies. Gut. 
1983;24:376-383. 

2. Smith UE, Nivatvongs S. Complications in colonoscopy. Dis Colon Rec- 
twm. 1975;1&:214-220. 

3. Hedberg S. Cited by Wherry DC, Zehner H. Colonoscopy-fiberoptic 
endoscopic approach to the colon and polypectomy. Med Ann Distr Columbia. 
1974;43:189-!92. 

4. Telmos AJ, Mittal VK. Splenic rupture following colonoscopy. JAMA. 
1977;237:2718. 

5. Ellis WR, Harrison JM, Williams RS. Rupture of spleen at colonoscopy. 
Br Med J Clen Res. 1979;1:307-308. 

6. Kloer H, Schmidt-Wilke HA, Schulz U. Milzruptur als Koloskopiefolge. 
Dtsch Med Wochenschr. 1984;109:1782-1783. 

7. Costell M. Splenic rupture: an unusual late complication of colonoscopy. 
Can Med Asaoc J. 1986;134:916-917. 

8. Reynolds FS, Moss LK, Majeski JA, et al. Splenic rupture following 
colonoscopy. Gastrointest Endosc. 1986;32:307-308. 

9. Levine E, Wetzel LH. Splenic trauma during colonoscopy. AJR. 
1987;149:9398940. 

10. Doctor NM, Monteleone F, Zarmakoupis C, et al. Splenic injury as a 
complication.of colonoscopy and polypectomy. Dis Colon Rectum. 1987;30:967- 
968. 


Splenic Injury— Gores & Simso 


Pancreatic Cystocholedochostomy 


First Report of a Case 


Norman W. Thompson, MD; Mare L. Demers, MD; Edward Lundy, MD 


èe The treatment of choice for most persistent, mature pseudo- 
cysts of the pancreas is internal drainage. Cystogastrostomy, 
cystojejunostomy with a Roux-en-Y loop, and, less frequently, 
cystoduodenostomy are the surgical techniques most common- 
ly employed to attain effective internal drainage. We present the 
case of a patient with a pseudocyst arising from the cephalic 
portion of the pancreatic head and extending into the porta 
hepatis, causing obstructive jaundice, who was treated by cysto- 
choledochostomy. This simple procedure was performed after 
an intraoperative cholangiogram showed no ductal obstruction 
distal to the pseudocyst. A cholecystectomy was also done, and 
the common bile duct was drained with a T tube. This expeditious 
procedure, rather than a Roux-en-Y cystojejunostomy, was elect- 
ed because of the firm adherence of the posterior wall of the 
common bile duct to the anterior surface of the pseudocyst. The 
patient had an uncomplicated recovery and has been completely 
asymptomatic for 2 years. We believe this is the first report of a 
pancreatic cystocholedochostomy for a pancreatic pseudocyst. 

(Arch Surg. 1989;124:1343-1346) 


ancreatic pseudocysts represent a common complication 

of pancreatitis and occur with nearly equal frequency in 
the head, body, and tail of the pancreas. Complications due to 
pseudocysts per se are well documented." Internal drainage 
of uninfected pseudocysts with walls of sufficient maturity to 
hold sutures has been shown to be better than either external 
drainage or excision with regard to morbidity and mortality.” 
Cystogastrostomy, cystojejunostomy, and, less frequently, 
cystoduodenostomy represent the surgical techniques avail- 
able for internal drainage of pseudocysts. We present a pa- 
tient with a pancreatic pseudocyst causing obstructive jaun- 
dice, treated by cystocholedochostomy, cholecystectomy, 
intraoperative cholangiography, and T-tube drainage of the 
common bile duct (CBD). We believe this is the first report of 
a pancreatic cystocholedochostomy as definitive therapy for a 
pancreatic pseudocyst obstructing the CBD. 


REPORT OF A CASE 


A 59-year-old white woman was hospitalized in March 1987 when 
she developed dark urine and became clinically jaundiced. She noted a 
2-year history of vague right upper quadrant pain and some midepi- 
gastric tenderness, but neither was severe enough for her to seek 
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medical help. In addition, she had recently developed nausea and 
vomiting. One week prior to admission, she first noticed that her 
stools were clay colored and that her sclera had become slightly 
yellow. According to her medical history, the patient hac been an 
alcoholic for a 7-year period but had not consumed alcohol during the 
previous 2 years. While a drinking alcoholic, she drank 600 mL of gin 
per day. 

At the time of the initial hospitalization, the results of the patient's 
liver function studies were as follows: total protein level, 71 g/L; 
albumin level, 44 g/L; alkaline phosphatase level, elevated at 369 U/L 
(normal level, <115 U/L); aspartate aminotranserase, 194 U/L (nor- 
mal level, <41 U/L); and alanine aminotransferase, 447 U/L (normal 
level, <53 U/L). Serum bilirubin levels ranged from 37.62 pmol/L to 
10.26 mol/L during 1 week of hospitalization. The serologic tests 
were negative for surface B antibodies and hepatitis B core antibod- 
ies. Serum amylase levels ranged from 24 to 93 U/L (<120 U). An 
abdominal computed tomographic scan obtained on April 4, 1987, 
showed chronic calcific pancreatitis and a 3-cm pseudocyst in the 
upper region of the head of the pancreas. An upper gastrcintestinal 
tract series showed a small hiatal hernia. An ultrasound study 
showed a normal gallbladder without stones and punctate calcifica- 
tions throughout the head and body of the pancreas. The oral chole- 
cystogram was normal. An endoscopic retrograde cholangipancrea- 
tography showed dilation of the intrahepatic ducts. The CBD 
measured 1.2 cm in diameter. 

Because of symptomatic improvement, the patient was discharged 
after 1 week but was admitted to the University Hospital, Ann 
Arbor, Mich, 1 month later when her bilirubin level rose to 
82.08 pmol/L. Fractionation showed that the direct bilirubin level 
was 59.85 pmol/L. The alkaline phosphatase level was 369 U/L (nor- 
mal level, <115 U/L). Endoscopic retrograde cholangiopancreato- 
graphy was attempted at that time, but it was not possible to cannu- 
late the pancreatic duct. The CBD was either strictured for a 3-em 
length proximal to the ampulla of Vater or was compressed by a 
pseudocyst that was about 5 cm in diameter (Fig 1). The duct was 
dilated proximal to the area of narrowing. There were multiple calculi 
in the head of the pancreas that were believed to be the cause of the 
failure to visualize the pancreatic duct. 

At operation, a 5-cm pseudocyst was found arising from the upper 
part of the head of the pancreas behind the first portion of the 
duodenum. It extended behind the CBD (Fig 2). A choledochotomy 
was performed and the duct was explored. There was no evidence of 
stenosis of the distal CBD in its intrapancreatic segmenz. A No. 6 
Bake’s dilator was easily passed into the duodenum. The posterior 
portion of the extrapancreatic bile duct was firmly adherent to the 
anterior surface of the pseudocyst. 

A 2-em incision was made into the posterior wall ef the CBD and 
into the pseudocyst, which was immediately decompressed. The 
edges were sewn together using an absorbable stitch in a continuous 
fashion. This created a cystocholedochostomy, 2 cm in length (Fig 3). 
A T tube was then placed, and the CBD was closed (Fig 4). An 
intraoperative T-tube cholangiogram showed prompt flow into the 
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duodenum (Fig 5). Postoperatively, the patient’s course was entirely 
uneventful and she was discharged on the seventh postoperative day 
with normal liver function results, including serum bilirubin levels. 
The patient's T tube was clamped. She was entirely free of symptoms 
and began eating a general diet. Two weeks later, during an outpa- 
tient visit, the T tube was removed after a T-tube injection revealed a 
normal CBD (Fig 6). During the past 2 years the patient has been 
totally free of symptoms and her liver function study results and 
serum amylase levels have remained normal. 


COMMENT 


Pancreatic pseudocysts are a rare cause of obstructive 
jaundiee. It has been estimated that between 14% and 26% of 
patients with pancreatitis will have hyperbilirubinemia dur- 
ing the course of their illness.” Of 868 patients studied by 
Bradley and Salam“ admitted with pancreatitis, 125 had coex- 
isting hyperbilirubinemia. Only 3 patients had pseudocysts in 
the head of the pancreas that were felt to have caused obstruc- 
tive jaundice, and 1 of these patients had coexisting ampullary 
stenosis. 

Other eauses of hyperbilirubinemia included alcoholic hepa- 
titis, cirrhosis, drug-induced hyperbilirubinemia, viral hepa- 
titis, hemolysis, choledocholithiasis, cholelithiasis, and pan- 
creatic inflammation. 

In retrospective studies of patients with pseudocysts, be- 
tween 4.2% and 21% of patients were jaundiced." Patients 
in these studies frequently had other conditions known to 
cause jaundice. Warshaw and Rattner” cite the following as 
potential causes of jaundice in a patient with pancreatic pseu- 
docyst: hepatocellular dysfunction, choledocholithiasis, con- 
striction of the intrapancreatic portion of the CBD by pancre- 
atic edema, fibrotic stricture of the intrapancreatic bile duct, 
or compression of the bile duct by an adjacent pancreatic 
pseudocyt. Bradley” performed cystoduodenostomy in 14 pa- 
tients with pseudocysts in the head of the pancreas. Six of 
these patients had jaundice preoperatively. In 4 of these 
cases, cystoduodenostomy alone relieved the CBD obstruc- 
tion. Two patients required sphincteroplasty in addition to 
cystoduodenostomy, indicating that the pseudocyst was not 
the cause, or at least not the only cause, of obstructive jaun- 
dice. In another study of 11 patients with pseudocysts in the 
head of the pancreas treated with cystoduodenostomy, 1 
patient had jaundice preoperatively and the jaundice resolved 
following eystoduodenostomy alone, implicating the pseudo- 
cyst per se as the cause of the CBD obstruction.” Several 
other studies have described patients with obstructive jaun- 
dice due te pseudocysts proved at operation and treated by a 
variety of drainage procedures.""”” In 1958, Sidel et al” 
reported a case of pseudocyst causing obstructive jaundice. 
He stated that, “Rarely can the jaundice be related causally to 
ductal compression by the pseudocyst.” 

He put forth the following set of criteria by which a causal 
relationship between the pseudocyst and hyperbilirubinemia 
could be established: (1) the presence of obstructive jaundice; 
(2) operative demonstration of compression of the CBD by a 


Fig 1.—Top, Cholangiogram via endoscopic retrograde cholangio- 
pancreatography (anteroposterior view) showing normal distal com- 
~ mon bile duct, cm narrowing, and proximal dilitation. Cystic-looking 
" area to the right of the duct is duodenum with dye and not the 
~ pseudocyst. Center, Magnified view of narrowed area of common bile 

_ duct after injection under slight increase in pressure. Bottom, Cholan- 
giogram via endoscopic retrograde cholangiopancreatography show- 
ing apparent stricture proximal to normal distal common bile duct, 
lateral view. Note calcification in the head of pancreas. 
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cyst; (3) relief of the bile duct obstruction by surgical drainage 
of the cyst: and (4) complete clearing of the jaundice. We have 
described a patient who fulfills these criteria and has been 
treated in a unique manner. 

Pseudocysts have been treated in a variety of ways. Broad- 
ly categorized, these include external drainage, internal 
drainage, and excision. More recently, endoscopic and percu- 
taneous modalities have been exploited.” Internal drainage 
has generally been reserved for patients in whom pancreatic 
abscess or infected pseudocyst are not suspected and whose 





Fig 2.—Artist's drawing of operative findings. Five-centimeter pseudo- 
cyst is seen arising from the head of pancreas and compressing the 
common bile duct. The cyst was densely adherent to the posterior 
portion of the duct. 


pseudocysts are sufficiently “mature” to hold sutures. Three 
viscera have been employed to drain pseudocysts: stomach, 
duodenum, and jejunum. In a review of surgical series, cysto- 
gastrostomy and cystojejunostomy have been used with near- 
ly equal frequency as initial operative treatment in patients 
for whom internal drainage was indicated.™’”* Cystogastros- 
tomy was the procedure of choice in 48.7% of cases and 
cystojejunostomy was used in 43% of cases. 
Cystogastrostomy has been performed in patients whose 
pseudocysts lie in the body or tail of the pancreas and project 
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Fig 4.—Artist's drawing of completed decompression of the pseudo- 
cyst and placement of T tube. 
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* Fig 3.—Artists drawing of operative procedure: transcholedocho- 
cystodochostomy 2 cm in length, cholecystectomy. 





Fig 5.—Intraoperative T-tube cholangiogram showing normal com- 
mon bile duct with prompt flow into duodenum. 
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Fig 6.—T-tube cholangiegram obtained 2 weeks after operation dur- 
ing an outpatient visit showing a normal common bile duct. 
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anteriorly, making the stomach the nearest suitable viscus 
with no intervening structures. Cystojejunostomy is a versa- 
tile modality and allows drainage of pseudocysts in a variety 
of locations. It has been generally constructed in a Roux-en-Y 
manner, although alternatives have been described.” Cysto- 
duodenostomy has not been as commonly used as either of the 
anastomoses previously described, accounting for less than 
10% ofinternal drainage procedures. 

There are several reasons for this.” First, only 30% of 
pseudocysts arise from the pancreatic head and only pseudo- 
cysts in this loeation are suitable for cystoduodenostomy. 
Second, the risk of injury to the CBD, gastroduodenal artery, 
and pancreaticoduodenal arteries has perhaps made it less 
favorable in the eyes of surgeons. Bradley” has reported his 
experience with transduodenal cystoduodenostomy and the 
results compare favorably with cystogastrostomy and 
cystojejunostomy. 

In the present case, a patient with a mature, uninfected 
pseudocyst of the superior aspect of the pancreatic head and 
obstructive jaundice was treated with cystocholedochos- 
tomy, cholecystectomy, intraoperative cholangiography, and 
T-tube drainage of the CBD. Intraoperative cholangiography 
demonstrated that the pseudocyst alone was the cause of 
obstruction, a rare cause of jaundice. The CBD obstruction 
eaused dilatation of the duct to 1.5 em. The duct and pseudo- 
cyst lay in contiguity, making cystocholedochostomy a simple 
technical exercise. 

In our patient, the pseudocyst and choledochus were suffi- 
ciently adherent to make cystocholedochostomy a secure 
anastomosis that was of sufficient size to permit continued 
pseudocyst drainage. The CBD had become sufficiently di- 
lated so that cystocholedochostomy could be performed in a 
manner permitting drainage of the pseudocyst without im- 
pinging on the lumen of the duct. 

A more traditional approach to the surgical management of 
a pseudocyst under the cireumstances described would be 
cystojejunostomy, as the pseudocyst was not adherent to the 
stomach and was not amenable to eystoduodenostomy. 

Since pseudocysts are rarely a cause of obstructive jaun- 
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dice, intraoperative cholangiography with cholecystectomy 
would b= a prudent ancillary maneuver to ensure that coexist- 
ing pancreatic edema, fibrotic stricture of the intrapancreatic 
bile dac, choledocholithiasis, or carcinoma was not the cause 
of obstractive jaundice. The procedure described in this re- 
port of eystocholedochostomy, cholecystectomy, intraopera- 
tive cho.angiography, and T-tube drainage as an alternative 
to Roux-en-Y cystojejunostomy, cholecystectomy, and in- 
traoperetive cholangiography permitted pseudocyst drain- 
age, spared the patient intestinal anastomoses, did not sacri- 
fice technical adequacy, and subjected the patient to no 
increased operative risk. To our knowledge, no similar case 
treated by this technique has been reported in the literature. 
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Massive Extracapsular Hemorrhage 


From a Parathyroid Cyst 
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MAJ William H. Marx, MC, USA; LTC James L. Ownbey, MC, USA; COL Gerald S. Kidd, MC, USA 


è A 32-year-old man had a giant cervical mass, dysphagia, 
dyspnea, and severe hypercalcetnia. A computed tomographic 
scan showed “he mass to extend from the left mandible to the 
level of the aortic arch. Exploratory surgery of the neck revealed a 
ruptured parathyroid cyst complicated by massive hemorrhage 
into the cervical tissues and mediastinum. The postoperative 
course was uncomplicated with prompt resolution of the hyper- 
calcemia. Although a rare occurrence, extracapsular parathyroid 
hemorrhage should be considered in the differential diagnosis of 
all rapidly evo ving cervical and mediastinal masses, especially 
when hyperca cemia is present. 

(Arch Surg. 1989;124:1347-1350) 


xtracapsular parathyroid hemorrhage is rare, and to our 
4 knowledze, correct preoperative diagnosis of this lesion 
has beenreported in only one case. We describe a patient with 
extracapsular parathyroid hemorrhage whose unique presen- 
tation occurred in the setting of another uncommon finding — 
a “functioning” parathyroid cyst. The eight previous reports 
of extracapsular parathyroid hemorrhage’ are also re- 
viewed. It seems as if the clinical triad of acute neck swelling, 
hypercalcemia, and ecchymosis of the neck and/or chest is 
strongly suggestive of this disorder. 


REPORT OF A CASE 


Two weeks before admission to the hospital, a 32-year-old man had 
sudden onset of pain and the simultaneous appearance of a mass on 
the left side of his neck. During the next 3 days, the mass rapidly 
increased in size. Moderate dyspnea and dysphagia developed. The 
patient was seen by a local physician who aspirated 200 mL of 
nonclotting bloody fluid from the region of the left side of the neck. 
The patient had immediate relief of his discomfort, and the mass 
regressed considerably in size only to recur within 24 hours of the 
procedure. Cukure of the fluid was negative for aerobic and anaerobic 
bacteria. A computed tomographic (CT) scan of the neck and chest 


revealed a paratracheal mass 8 x 5 cm in diameter extending from the 
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left mandible to the level of the aortic arch. The patient was referred 
to Fitzsimons Army Medical Center, Aurora, Colo, for further evalu- 
ation of his condition. A serum calcium level obtained on admission 
was 4.0 mmol/L (normal range, 2.14 to 2.52 mmol/L). The CT sean did 
not accompany the patient. 

The patient denied symptoms of polydipsia, polyuria, nocturia, 
constipation, weakness, and myalgias. His medical history was non- 
contributory for prior hypercalcemia, nephrolithiasis, hypertension, 
thyroid disease, tuberculosis, and malignancy. He had reeeived no 
previous radiation therapy to the head or neck region. Family history 
indicated only that the patient’s mother had a “goiter” of unknown 
cause. Five weeks before admission, while employed as a cowboy, he 
had suffered a right foot fracture when he fell from a horse. This 
incident also involved a painful hyperextension injury of the left neck 
area that resolved within 2 days. The patient described an alcohol 
intake of 8.6 to 17.3 L (“1 or 2 cases”) of beer per weekend. He denied 
any history of tobacco use and was receiving no medications. 

When admitted to the hospital, he did not appear acutely ill and was 
comfortable when lying supine, but even slight neck and upper body 
movements resulted in severe neck discomfort. He was mentally 
alert and thinking clearly. Temperature was 37.4°C; pulse, 80 beats 
per minute; blood pressure, 132/78 mm Hg; and respiration rate, 20 
breaths per minute. No evidence of stridor or respiratory distress 
was noted. Examination of the eyes showed no band keratopathy. 
Ears and pharynx were normal. Neck examination disclosed a giant, 
tender mass suggestive of extreme enlargement of the left thyroid 
lobe and isthmus. The mass was warm and nonpulsatile, extending 
from the left mandible to below the suprasternal notch and clavicle. 
No bruits were present. The right thyroid lobe was nontender but 
appeared to be slightly enlarged. No cervical adenopathy was noted. 
Range of motion of the mandible and neck was severely limited by 
pain and mass effect. Findings on the remainder of the physical 
examination were unremarkable. 

Results of admission laboratory testing were as follows: repeated 
serum calcium, 4.34 mmol/L; serum phosphate, 0.80 mmol/L (normal 
range, 0.90 to 1.60 mmol/L); albumin, 47 g/L (normal range, 38 to 
53 g/L); alkaline phosphatase, 140 U/L (normal range, 35 to 116 U/L); 
sodium, 141 mmol/L; potassium, 3.8 mmol/L; chloride, 105 mmol/L; 
bicarbonate, 23.8 mmol/L; urea nitrogen, 9.5 mmol/L of urea; creati- 
nine, 170 pmol/L; and magnesium, 0.66 mmol/L. Results of liver 
function tests, urinalysis, complete blood cell count, prethrombin 
time, partial thromboplastin time, and thyroid function tests were all 
normal. Electrocardiography showed a regular rate and rhythm with 
slight shortening of the Q-T interval. Chest roentgenogram revealed 
marked deviation of the trachea to the right side and widening of the 
mediastinum. No lesions were noted in the lung fields; no abnormal 
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Fig 1.—Neck ultrasound (transverse view) demonstrating a 5-cm 
cystic lesion. 


calcifications were seen in the eervical area. 

Therapy was initiated with vigorous intravenous saline hydration, 
furosemide, and analgesics. The serum calcium level fell to 
3.04 mmol/L within 48 hours. Ultrasound examination of the neck 
region revealed a 5-cm cystic mass containing several echogenic 
projections within its wall (Fig 1). The size of the thyroid gland 
appeared to be normal, and the location of the mass suggested a 
parathyroid source. On the day after admission to the hospital, fine- 
needle aspiration biopsy was performed. Despite seven attempts, no 
fluid could be aspirated from the area on the left side of the neck. All 
tissue specimens were reported as “nondiagnostic.” 

On hospital day 3, marked dyspnea developed in the patient, and a 
CT sean of the patient’s neck and chest was urgently repeated. The 
scan revealed a giant paratracheal mass (Fig 2), similar in dimensions 
to that previously described, causing marked compression of the 
trachea at the level of the thoracic inlet. A large hypodense area 
within the mass was suggestive of “central hemorrhagic change.” The 
mass was thought most likely to be of thyroid gland origin, but 
parathyroid and thymic sources were other considerations. Expedi- 
tious exploratory surgery of the neck revealed a 4.53.0 x 2.0-cm, 
blood-filled, cystic structure with an area of perforation along its 
inferior aspect. No evidence of adenopathy or invasion of surrounding 
structures was noted, and the mass was easily excised from its left 
infrathyroidal location. Approximately 180 mL of extravasated, clot- 
ted blood was removed from the neck and upper mediastinum. The 
thyroid gland was displaced to the right, but was otherwise normal. 

On pathologic examination, the excised tissue was shown to be a 
13.3-g, hollow, spherical structure with a red-yellow wall measuring 
0.7 em in maximum thickness. The wall was composed mostly of 
fibrous tissue in which numerous areas of hemorrhage and granula- 
tion were apparent. Several small islands of normal parathyroid 
tissue (Fig 3) and a small fragment of intramural thymus tissue were 
also noted. Pathologic analysis was consistent with a parathyroid cyst 
probably arising from hemorrhagic infarction and degeneration of a 
large parathyroid adenoma. The other parathyroid glands were not 
explored during surgery 

Postoperatively, the calcium level promptly fell to 2.12 mmol/L and 
remained stable. Serum parathyroid hormone levels (intact molecule 
assay) measured preoperatively and 10 days postoperatively were 
142 and 79 ng/L, respectively (normal range, 10 to 55 ng/L; indetermi- 
nate range, 55 to 75 ng/L: elevated, over 75 ng/L). The urea nitrogen 
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Fig 2.—Serial computed tomographic views of cervical-mediastinal 
mass. A, Level of thyroid cartilage. B, Above thoracic inlet. Hypodense 
area (arrow) suggests central hemorrhage. C, Thoracic inlet. Marked 
tracheal compression (arrow) is evident. D, Below thoracic inlet. 





Fig 3.—Histologic section of cyst wall showing fibrous tissue (F) and 


parathyroid cells (arrows). Cyst cavity (C) is at lower left (hematoxylin- 
eosin, original magnification x 90). 


level declined to 7.5 mmol/L of urea, the serum creatinine level fell to 
110 pmol/L, and alkaline phosphatase level returned to the normal 
range. Hand roentgenograms were normal, showing no bone changes 
compatible with hyperparathyroidism. The patient’s recovery was 
uneventful. and he was discharged to the care of his local physician. 


COMMENT 


Although microcysts frequently appear in normal parathy- 
roid glands,” cysts larger than 1 cm are uncommon." The 
cause of parathyroid cysts is unclear, and the following four 
theories Fave been proposed concerning their origin’: (1) 
coalescenee of parathyroid microcysts; (2) “retention enlarge- 
ment” of microcysts; (3) embryologic remnants of branchial 
clefts; and (4) cystic degeneration of parathyroid adenomas. 
Histologic examinations of various parathyroid cysts have 
provided evidence supporting each of these theories.” 
Parathyreid cysts are usually solitary, but multiple glands 
can occasionally be involved.” Although these cysts are usual- 
ly composed of fibrous and parathyroid tissue, elements of 
smooth muscle, striated muscle, thymus gland, and lymphoid 
tissue have been described within cyst walls.’ Cyst fluid is 


Extracapsular Parathyroid Hemorrhage—Simcic et al 


bd 


y 


Ro 


a 


x 











dyspnea, neck/chest 
ecchymosis, superior vena 
cava syndrome, pharyngeal 
mass 
Neck swelling, chest pain, 
hoarseness, superior vena 
cava syndrome 


tumor 








aneurysm 





usually clear and colorless, and high levels of parathyroid 
hormone are usually present.” Parathyroid cysts causing 
primary hyperparathyroidism have been termed “function- 
ing” cysts." These lesions are rare, with only 27 eases having 
been reported as of 1986." 

Parathyroid hemorrhage is probably the result of an imbal- 
ance between cell growth and blood supply favoring the devel- 
opment of hemorrhagic foci.” This mechanism has been lik- 
ened to the “apoplexy” that is seen in other neoplastic 
glandular tissues.” Subclinical hemorrhagic infarction is not 
uncommon in adenomatous” and hyperplastic” parathyroid 
glands. Acute hemorrhage contained within the parathyroid 
capsule has been implicated as a cause of hypercalcemia,” 
hypercalcemic crisis,*” hypocalcemic tetany,” spontaneous 
remission of preexisting hyperparathyroidism, *” and rapidly 
evolving cervical and mediastinal masses.”” Extracapsular 
parathyroid hemorrhage is a rare clinical occurrence—only 
eight cases have been reported.’* These and our case are 
summarized in the Table. 

Analysis of these nine cases reveals that the most frequent 
clinical findings at presentation were hypercalcemia, acute 
neck swelling, and ecchymosis of the neck, chest, or both. 
Acute neck swelling was observed in our patient and seven 
others (patients 1, 2, and 4 through 8) and the serum calcium 
level was elevated in all eight patients in whom it was mea- 
sured (patients 2 through 8, and ours).Ecchymosis of the 
neck, chest, or both was present in six patients (patients 1 and 
4 through 8). Dysphagia occurred in our patient and four 
others (patients 1, 5, 6, and 8); our patient and two others 
(patients 1 and 4) were dyspneic, hoarseness developed in 
three patients (patients 2, 4, and 8), and three patients (pa- 
tients 2, 3, and 6) had acute chest pain. Less common findings 
were superior vena cava syndrome (patients 1 and 2), hypo- 
tension (patient 3), and a pharyngeal mass (patient 1). The 
clinical presentation of two patients (patients 2 and 3) led to an 


~ initial misdiagnosis of dissecting aortic aneurysm. No patient 


«had evidence of a notable underlying bleeding disorder. 
Primary hyperparathyroidism occurred in our patient and 
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Review of Cases of Extracapsular Parathyroid Hemorrhage 


Clinical Clinical 
Case No./Age, y/Sex Presentation Diagnosis 
Neck swelling, dysphagia, Mediastinal 


aneurysm or 


Dissecting aortic 





3/47/F Chest pain, hypotension Dissecting aortic 
aneurysm 

4/54/M Neck swelling, dyspnea, Mediastinal 
hoarseness, chest malignancy 
ecchymosis 

5/38/F Neck swelling, dysphagia, neck Cervical abscess 
and chest ecchymosis 

6/47/Not reported Neck swelling, dysphagia, chest Parathyroid 
pain, neck ecchymosis hemorrhage 

7/63/M Neck swelling, neck and chest Thyroid 
ecchymosis hemorrhage 

8/43/F Neck swelling, dysphagia, Thyroid 
hoarseness, neck and chest hemorrhage 
ecchymosis 

Current report/32/M Neck swelling, dysphagia, Cervical 
dyspnea malignancy 

















Serum Location of 
Calcium, Bleeding Size of Histologic 
mmol/L Parathyroid Gland Diagnosis 
Not reported Neck 













5x2.5 cm, Adenoma 


7.99 





























3.06 Mediastinum 8x6 cm, Adenoma 
40g 
3.80 Mediastinum 4x3cm Hyperplasia 
3.32 Neck 6x4cm Adenoma 
Elevated, no Neck 4x3cm Adenoma 
specific value 
reported 
3.42 Neck 9 cm Adenoma, 
parathyraid cyst 
3.00 Neck 8.7g Hyperplasia 
4.34 Neck 4.5x3.0cm, Parathyroid cyst 









13.3 g 








seven others described in the literature (patients 1 through 
T). Uremia-induced secondary hyperparathyroidism was pre- 
sent in one patient (patient 8). Of the eight patients with 
primary hyperparathyroidism, four patients had single ade- 
nomas (patients 2, 3, 5, and 6), two had primary hyperplasia 
(patients 1 and 4), and our patient and one other (patient 7) 
had functioning parathyroid cysts. In our patient and five 
others (patients 1, 2, and 5 through 7) the hemorrhagic glands 
were eutopic, the other two were found in the mediastinum 
(patients 3 and 4). Five of these patients were male. These 
features of extracapsular parathyroid hemorrhage contrast 
with the more striking predominance of adenomas, cervical 
locations, and female sex seen in primary hyperparathyroid- 
ism in general. 

Our case is unique in several respects. To our knowledge, it 
is only the second reported case in which extracapsular hem- 
orrhage developed in a functioning parathyroid cyst. Despite 
the difficulties that have been encountered in the preoper- 
ative diagnosis of extracapsular parathyroid hemorrhage, 
sonographic imaging has not been used previously, and CT 
scan has been performed in only one other case (patient 6). 
While these additional techniques did not allow preoperative 
diagnosis in this case, in retrospect, the sonogram suggested 
a parathyroid gland origin of the mass, and the CT scan 
revealed evidence of possible hemorrhage. This patient also 
represents the first, to our knowledge, in whom fine-needle 
aspiration biopsy was performed. No other patient had a 
history of recent neck trauma. Although this patient’s neck 
injury occurred approximately 3 weeks before his acute pre- 
sentation, a relationship to the hemorrhagic event cannot be 
totally excluded. Our patient’s serum calcium level was high- 
er than any serum calcium level previously recorded in the 
setting of extracapsular parathyroid hemorrhage. The hyper- 
calcemia that accompanies this disorder is probably related to 
the release of parathyroid hormone caused by acute infarction 
and necrosis of large parathyroid adenomas. Release of cyst 
fluid containing high levels of parathyroid hormene may have 
also played a role in our patient. 
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CONCLUSION 


The ninth case of extracapsular parathyroid hemorrhage is 
described. This case is the second originating from a parathy- 
roid cyst and the first in which ultrasound imaging and fine- 
needle aspiration biopsy were performed. The clinical triad of 
acute neck swelling, hypercalcemia, and ecchymosis of the 
neck, chest, or both is strongly suggestive of this disorder, 


and possibly pathognomonic. We conclude that extracapsular 
parathyroid hemorrhage should be considered in the differen- 
tial diagnosis of all rapidly evolving cervical and mediastinal 
masses, 2specially when hypercalcemia is present. 


Mitzi Myers and the staff of the Fitzsimons Army Medical Center Medical 
Library provided secretarial and technical assistance. MAJ William Collazo, 
MC, USA, and Robert Florek, MD, provided transiations of foreign papers. 
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ARCHIVES OF PATHOLOGY & LABORATORY MEDICINE 

Flow Cytometry of DNA Content and Other Indicators of Proliferative Activity 
Howard M. Shapiro, MD 
Flow cytometric DNA content analysis, employing fluorescent stains that bind stoichiometrically to DNA, 

is widely used by researchers and clinicians to monitor cell growth kinetics and to detect abnormalities in 


nuclear DNA content in tumor cells. Measurement precision is critical because small differences in DNA 
content may be significant; plastic spheres and cell nuclei are used for instrument calibration and 
standardization. Preparative techniques must provide a uniformly stained sample representative of the cells 
or tissue under investigation; multiparameter gating may facilitate cell selection within samples. Flow 
cytometry of light seattering, surface or intracellular antigens, RNA, chromatin structure, and/or DNA 
synthesis may provide additional useful information about neoplastic cell behavior (Arch Pathol Lab Med. 


1989;118:591-597). 


Reprint recuests to 288 Highland Ave, West Newton, MA 02165 (Dr Shapiro). 
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Books 


Colorectal Cancer: From Pathogenesis to 
Prevention, by H. K. Seitz, U. A. Simanowski, 
and N. A. Wright, 391 pp, with 34 illus, $125, 
New York, NY, Springer-Verlag NY Inc, 1989. 


This book contains a potpourri of 
information about colorectal cancer, 
with accounts by some of the world’s 
outstanding authorities. Hypotheses 
about the etiology and pathogenesis 
are discussed throughout the book, 
with ample documentation of the pros 
and cons surrounding these issues. 
The style is very comfortable. The 
contents of each chapter have been 
provided “up front” on the respective 
title pages, thereby enabling the 
reader to focus immediately on areas 
of special interest. The type, tables, 
and figures are of excellent quality. 

This is one of the best panoramic- 
type treatises on colorectal cancer that 
I have read. For those like me who 
have a particular interest in colon 
cancer, there will be difficulty in put- 
ting the book to rest. All of the chap- 
ters are of impeccable scientific accu- 
racy. I particularly enjoyed Dr 
Harnden’s treatise on the genetic pre- 
disposition of colorectal cancer. An- 
other excellent chapter is that by War- 
govich and Hu, which dealt with 
environmental and dietary carcino- 
gens and their relationship to colorec- 
tal cancer. 

This multiauthored book has a 
strong international flavor, with con- 
tributors emanating from Thailand, 
England, Germany, and the United 
States. Unlike many multiauthored 
books, the text is superbly organized, 
so that a logical flow of material 
emerges (five chapters on epidemiol- 
ogy, genetics, and biomarkers; five 
chapters on dietary factors in the 
pathophysiologic nature of colorectal 
cancer; nine chapters on variable as- 
pects of colorectal carcinogenesis, 
some of which also delved heavily into 
diet; two chapters dealing with basic 
pathology; two chapters on diagnosis; 
.and one chapter on dietary preven- 
tion). 
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It is really difficult to find any fault 
with this book. My own bias is with 
genetics, and herein, I would like to 
have seen a more detailed diseussion 
of molecular genetics, as well as sur- 
veillance and management strategies 
for hereditary forms of colorectal can- 
cer. This would have provided more 
“meat” for surgeons. For example, 
there should have been more emphasis 
on the need for surveillance of the 
proximal colon in hereditary non- 
polyposis colorectal cancer (Lynch 
syndromes I and II), where more than 
70% of cancer occurs at that side of 
the colon in these disorders. In addi- 
tion, the problems of synchronous and 
metachronous colorectal cancer in 
these and other hereditary variants 
mandates a minimum of subtotal co- 
lectomy, with ileorectal anastomosis, 
as opposed to more limited surgery. I 
would also like to have seen greater 
discussion of calcium and its putative 
role as a chemopreventive agent in 
patients at high risk. This subject was 
discussed by several authors, but re- 
cent advances would merit coverage in 
a separate chapter. Perhaps the next 
edition of this splendid book might 
give this matter further consideration. 

Colorectal Cancer contains consid- 
erable information for all medical dis- 
ciplines, particularly oncology, sur- 
gery, and pathology. Anyone doing 
research on colorectal cancer will be 
intellectually stimulated and, indeed, 
will receive many ideas that enhance 
creativity at the bedside, the surgical 
theater, or the bench. 

The book is truly ahead of its time. 
I wholeheartedy recommend that it 
become an integral part of the library 
for all of us who are curious about the 
etiology, pathogenesis, and prevention 
of colorectal cancer. 

Henry T. Lyncu, MD 
Omaha, Neb 


Minorities and Cancer, edited by Lovell A. 
Jones, 334 pp, New York, NY, Spring-Verlag NY 
Inc, 1989. 


This is a most timely book, not only 
because of the vital subject it ad- 
dresses, but because of the linkage it 
can establish between paleoanthropol- 
ogy and molecular biolazy through 
another book that has just appeared, 
Blueprints: Solving the Mystery of 
Evolution, by Maitland A. Edey and 
Donald C. Johanson. 

Lovell Jones, PhD, is well suited to 
be the editor of Minorities and Cancer 
because he is associate professor and 
director of experimental zynecology- 
endocrinology in the Departments of 
Gynecology, Biochemistry, and Molec- 
ular Biology of the University of 
Texas, Houston. 

He had a challenging task of inte- 
grating the articles of 65 contributors 
of interestingly diverse background: 
10 are from Howard University, Wash- 
ington, DC; 9 from Meharry Medical 
College, Nashville, Tenn; 5 from the 
University of Texas; 7 from Amherst 
(Mass) College; 5 from the National 
Institutes of Health, Betaesda, Md; 
and 19 have other affiliatioas. 

The message from all the contribu- 
tors, variously stated, amounts to the 
same thing: there is a great shortage 
of minority health care personnel by 
any standard, which must be reme- 
died, though no one knows exactly 
how. This shortage received no atten- 
tion from former Secretary of the 
Department of Health, Edueation, and 
Welfare Califano, who saw tne solution 
in a glut of physicians nationwide that 
was due to the overproductzon of med- 
ical graduates. 

Since it will be the responsibility of 
the minority groups themselves to de- 
velop actual remedial programs, it be- 
hooves all to absorb the import of the 
book edited by Dr Jones and, at the 
same time, to achieve the broader 
understanding necessary and made 
possible by the book of Edey and 
Johanson. 

This is a great challenge to all con- 
cerned. 

W. MontacurE Coss, MD, PHD 
Washington, DC 
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The 25th of the second month prior to issue 
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National 800-237-9851 
Florida 800-553-8288 O Local 813-443-7666 





Kansas City region is experiencing continuous 
members ip growth and is seeking a second board- 
certified general surgeon. Our six medical offices 
are strategically located throughout the city and two 
area hospitals are utilized. Kaiser Permanente is a 
nation-wide health care program that has enjoyed 
success since its inception in 1942. We offer excel- 
lent salary and benefits, fully-paid malpractice 
insurance, and are academically affiliated. Send CV 
or contact: Larry McDonald, MD, 6900 Squibb Road, 
Suite 201, Shawnee Mission, KS 66202. (913) 
384-9090. 


NEW HAMPSHIRE — Solo general surgeon, BC/BE, 
for full-spectrum practice which includes C-sections 
and minor vascular procedures. Affiliated with 
modern, 32-bed, acute care hospital. Staff includes 
two internists and four family physicians. State- 
of-the-art radiology equipment. Live in beautiful 
Dixville Notch area. Enjoy rural lifestyle in family- 
oriented Community. Generous guarantee and 
benefits. Please send CV to: New England Health 
Search, 63 Forest Avenue, Orono, ME 04473: or call 
(207) 866-5680 or (207) 866-5685. 


ORTHOFEDIC SURGEON for Oberlin, Ohio multi- 
specialty group to serve growing patient load. 
Northern Ohio college town serving drawing area 
275,000. Salary first year with full shareholder status 
available thereafter. Send CV to: Dr. VanDyke, 224 
West Lorain, Oberlin OH 44074. 


PACIFIC NORTHWEST — Group Health Coopera- 
tive of Puget Sound, a 365,000-member prepaid 
group practice, currently has positions available for 
a general surgeon. Referral only practice in a multi- 
specialty organization. To inquire, write: Director of 
Medical Staff Personnel, Group Health Cooperative 
of Puget Sound, 521 Wall Street, Seattle, WA 98121, 


EASTERN MAINE — BC/BE solo general surgery 
position with cross coverage in rural community, 
forty minutes from educational and cultural center 
and major university. Affiliated with 44-bed com- 
munity hospital. Competitive net salary guarantee 
and benefit package. Enjoy Maine's pristine lakes 
and mountain vistas. Please send CV to: New 
England Health Search, 63 Forest Avenue, Orono, 
ME 04473; or call: (207) 866-5680 or (207) 866-5685. 


SEEKING A GOOD, personable, hardworking vas- 
cular/thoracic surgeon to assist in caring for my 
patients. Must be willing to perform general surgery. 
Partnership potential in near future. Send salary 
requirements and curriculum vitae to: Box #901. c/o 
AOS. 


SOUTHEAST FLORIDA — Orthopedic surgeon. 
Excellent opportunity for an othopedic surgeon 
with training/experience in hands to establish a luc- 
rative practice in the Ft. Lauderdale area. Option of 
going solo with financial assistance from our 204- 
bed hospital or join a group of four orthopedists 
located in the hospital's medical office building. For 
further information send CV to: John Hollander, 
Professional Relations, Humana Inc., Department 
AOS-9A, 500 West Main Street, Louisville, KY 
40201-1438. Or call toll-free: (800) 626-1590. 


GENERAL/VASCULAR SURGEON with vascular 
fellowship to join three surgeons in practice of 
general, vascular and thoracic surgery in southern 
New Jersey, close to Philadelphia and shore points. 
Benefits end salary leading to partnership opportun- 
ity. Send CV to: Box #903, c/o AOS. 




















PLEASE NOTE— Address replies to box number 
ads as follows: Box number, , c/o AOS, 
P.O. Box 1510, Clearwater, FL 34617. 














= Professional Opportunities 


SAN JOSE: The Permanente Medical Group seeks 
two BC/BE surgeons: one general surgeon, and one 
surgeon to do both general and vascular surgery. 
We are a nine-surgeon department with modern 
offices adjacent to a 180-bed hospital equipped with 
seven operating rooms. We handle a full range of 
general thoracic, vascular and plastic surgery cases, 
and our group includes about 100 fully trained phy- 
sicians in all specialties. Located insSan Jose, Cali- 
fornia, a city of 750,000 people, we are in the heart of 
Silicon Valley, only one hour south of San Francisco 
and well situated to the Pacific Ocean beaches, 
Carmel/Monterey, Stanford University Medical 
School and skiing. We offer a competitivesalary and 
excellent benefits. Please send CV to: Richmond 
Prescott, MD, Physician Recruitment Services, 
Department AS-5154, The Permanente Medical 
Group, Inc., 1814 Franklin, 4th Floer, Oakland, CA 
94612. EOE. 





ORTHOPEDIC SURGEON — Beautiful, smog-free 
living in northern California with afferdable housing 
and uncluttered highways. Regioma! acute care, 
211-bed, University of California affiliated hospital 
with full JCAHCO accreditation seeks full-time 
BE/BC orthopedist. Interesting and diverse practice 
opportunity with FP residency teaching responsibil- 
ities. Salary range $100,235-$12%,172 with full 
benefit package and generous paid time off. CVs to: 
Anthony Sforza, MD, Nativadad Medica! Center, 
P.O. Box 81611, Salinas, CA 93912-1611 


The Doctor Is In... 


„private practice in the 
perfect community. 


lf that’s your goal, Humana can help. We 
have over 80 hospitals in 20 states. Chances 
are we know of a private practice oppor- 
tunity in the location of your choice. Con- 
sider these communities: 






è General Surgeons 
San Francisco Bay area 


è Otolaryngalogists 
Enterprise, AL 


Louisa, KY Atlanta, GA area 
Somerset, KY 

® Neurosurgeons College Station, TX 
Augusta, GA Greenbrier Valley, WV 
South Florida 
Dodge City, KS è Plastic Surgeons 
Lebanon, TN Chattanooga, TN 
Layton, UT 

è Urolagists 

® Orthopedic Surgeons Central Florida 
Alabama Louisa, KY 
Los Angeles Co., CA Ville Platte, LA 


Central Florida 
Houston, TX 
Greenbrier Valley, WV 


For more information about these and other 
Private practice opportunities, send your 
CV to: Manager, Professional Relations. 
Humana Inc., Dept. AOS-9C, 500 West Main 
Street, Louisville, KY 40201-1438 Or call 
TOLL-FREE 1-800-626-1590. 


Beaumont, TX 
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KAISER PERMANENTE 
Good People Good Medicine 


NORTH 
CAROLINA 


Kaiser Permanente has practice oppor- 
tunities available for BC/BE general 
surgeons in our Durham/Chapel Hill 
and Raleigh medical offices. 


Excellent salary and benefits include 
professional liability and medical cover- 
age, paid vacation and sick leave, holi- 
days, continuing education, retirement 
plan and shareholder epportunity. 


Direct letter of introduction and cur- 
riculum vitae to: 

Phyllis M. Kline 
Physician Recruitment 
Coordinator — ARS 
CAROLINA PERMANENTE 
MEDICAL GROUP, P.A. 
3120 Highwoods Boulevard 
Raleigh, NC 27604-1018 


or calk 


(800) 277-CPMG or 
(919) 878-5874 


Affirmative action/equal 
oppertunity employer. 








Louisa Kentucky's strikingly beautiful loca- 
tion on the Kentucky-West Virginia border 
makes these surgical private practice 
opportunities ideal for those who enjoy 
the outdoors. Yet, Louisa is just 35 miles 
from the Huntington, West Virginia/Ashland, 
Kentucky metropolitan area of over 300,000. 
There are currently several private prac- 
tice opportunities available: 


General Surgeon: Excellent associate or 
solo practice (with coverage) opportunity 
is available with a very generous income 
guarantee and other amenities. 


Orthopedic Surgeon: Rewarcing opportu- 
nity for an Orthopedic Surgeon to estab- 
lish practice with the support of a very 
attractive financial and marketing pack- 
age. There are currentiy no Orthopedic 
Surgeons in this area of over 60,000 
people. 


Urologist: An aggressive, well-trained Urol- 
ogist is needed to establish private prac- 
tice, as well as serve as the Medical 
Director of this department at Humana 
Hospital-Louisa, our 90-bed acute care 
facility. The hospital is offering a very 
generous financial and marketing package. 


For more information, send your CV to: 
Paul Coogan, Professional Relations, 
Humana Inc., Dept. AOS-9, 500 West Main 


Your New Kentucky Home” 


Street, Louisville, KY 40201-1438. Or call i 
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ORTHOPEDIC SURGEON — Needed for 78-bed 
JCAHO hospital. We are growing and we need to 
enlarge our specialty staff. Just opened new cancer 
treatment center. 12,000 community, 90,000 imme- 
diate service area. 160,000 catchment area. Great 
outdoors area, cattle, oil, gas, hunting, fishing, good 
schools, low crime, ideal area for raising children. 
Reasonable malpractice rates. Send CV to: Marilyn 
Bryan, Community Hospital, P.O. Box 2339, Elk 
City, OK 73648. (405) 225-2511. 








GENERAL SURGEON — BC/BE with interest in 
peripheral vascular surgery and non-invasive labor- 
atory to join active general surgery practice. Excel- 
lent lifestyle in community of 24,000 close to metro- 
politan area and two medical schools. Benefits and 
guarantee with early partnership opportunity. Send 
CV to: President's Office, Memorial Hospital, 450 
East 23rd Street, Fremont, NE 68025. 





EASTERN KENTUCKY — Community with 56-bed, 
JCAHO hospital near Lexington in need of general 
surgeon. Friendly community in beautiful rolling 
hills offers the ultimate in family enjoyment with an 
opportunity for excellent practice. Excellent refer- 
rals from local staff. Financial package available 
with reimbursed expenses. For more information, 
call or write: Jeff Hartline, Search Consultant, 5000 
Linbar Drive, Suite 260, Nashville, TN 37211. (800) 
678-3616. 


ORTHOPAEDIC SURGEONS/general, spinal and 
pediatric — Busy two-man orthopaedic group seeks 
BE/BC general orthopaedic surgeon and either spi- 
nal or pediatric subspecialist to begin as soon as 
possible. Excellent opportunities with booming 
practice. Adjacent PT affiliation. Large referral base. 
Superb compensation and benefits package includ- 
ing signing bonus, guaranteed base salary with pro- 
ductivity incentives. All overhead covered by group. 
Send CV to: Physician Recruiter, Mid-South Ortho- 
paedic Clinic, 850 Ridge Lake Boulevard, Suite G02, 
Memphis, TN 38119. EOE. 





WANTED: GENERAL SURGEON to join two uni- 
versity trained, general surgeons in Mansfield, Ohio. 
Busy practice limited to general surgery in modern 
350-bed hospital with many subspecialists. Partici- 
pation in ownership starts after one year salary 
package. Mansfield is a community of approxi- 
mately 75,000 and a wonderful place to-raise a fam- 
ily. Reply: Box #902, c/o AOS. 





GENERAL SURGEON: Surgical group seeking 
BC/BE, university trained associate. PV fellowship 
or extensive experience required. Complete non- 
invasive laboratory. Beautiful rural setting. Two 
hours from New York City. Send reply to: Box 
ANNSD, J.B. Lippincott Company, East Washington 
Square, Philadelphia, PA 19105. 





THE OWATONNA CLINIC, P.A. is looking for a 
board-eligible/board-certified orthopecic surgeon 
to join a progressive, 21-physician member, multi- 
specialty group in Minnesota. Specialty areas cur- 
rently include family practice, general internal med- 
icine, general surgery, OB/GYN, dermatology and 
pediatrics. Community includes an economic base 
which is 70% industrial rather than agricultural, and 
has a population of 21,000 with a drawing area of 
40,000 plus. We have a very extensive benefit pack- 
age including health, life, individual disability in- 
surance, as well as profit sharing, 401-K Plan, along 
with other standard benefits. An incentive program 
for the high producer exists, along with partnership 
after one year and a willingness to provide an ade- 
quate guarantee for the first year. Please contact: 
Dr. Ed Durst, President, or Terry Tone, Administra- 
tor at the Owatonna Clinic, P.A., 134 Southview, 
Owatonna, MN 55060. Or call collect at: (507) 
451-1120. 


bi alg et 
GENERAL SURGEON needed for a 50-bed, com- 
munity hospital located in West Liberty, Kentucky. 
The hospital has an excellent operating suite along 
with modern equipment and trained staff. Excellent 
starting salary available with fringe benefits. Inde- 
pendent practice terms also available. Beautiful 
lakes, parks and recreational opportunities abound. 
Contact: Appalachian Regional Healthcare, Atten- 
tion: Mr. Gary J. Smock, P.O. Box 8086, Lexington, 
KY 40533. (606) 281-2440 or (800) 888-7045. 


TRANSPLANT 
SURGEON 


Faculty position rank and salary 
commensurate with experience. 
Applicants should be board- 
certified or board-eligible in 
surgery and must be fully 
trained in kidney 
transplantation. 


Responsibilities include 
teaching surgery students and 
house staff the principles and 
techniques of transplantation 


and vascular access surgery, 
patient care and transplant 
research. 


Interested individuals should 
forward their curriculum vitae to: 


Alvin L. Watne, MD 
Professor and Chairman 
University of Illinois 
College of Medicine 
Department of Surgery 
420 Northeast Glen Oak 
Suite 302 

Peoria, IL 61603 


The University of Illinois is an affirma- 
- tive action/equal opportunity employer. 








































CHAIR 


DEPARTMENT OF 
SURGERY 


800-bed, regional tertiary care, university- 
affiliated teaching hospital is seeking a Chair- 
man for the Department of Surgery. The Allen- 
town Hospital — Lehigh Valley Hospital Center 
was the first Level | Trauma Center in the state 
and performs over 1,000 open heart surgery 
cases per year. The hospital sponsors accred- 
ited residency programs in general, plastic, 
and colon and rectal surgery. It is a compo- 
nent of HealthEast, a regional not-for-profit, 
multi-hospital system, and a clinical campus 
of Hahnemann University in Philadelphia 
where the successful candidate will hold a 
vice-chair appointment in the department of 
surgery. The Allentown Hospital — Lehigh 
Valley Hospital Center is located in Allentown, 
a prosperous and desirable area in eastern 
Pennsylvania one hour from Philadelphia and 
one and one-half hours from New York City. 


Board-certified surgeons with administrative 
experience and familiarity with both academic 
and community hospital environments should 
write or call for more information (a brochure 
on the position is available) or send curricu- 
lum vitae in confidence to: 


Indru Khubchandani, MD, Chairman 
Search Committee 


c/o HealthSearch 
50 College Drive, Allentown, PA 18104 
(215) 778-7993 


We are an equal 
opportunity employer M/F/H/V. 
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GENERAL SURGEON — BC/BE to join two BC 
general surgeons in north central Massachusetts. 
For information call: (508) 537-6151. 


GENERAL SURGERY: BC surgeon seeks partner 
for busy practice located in beautiful city over- 
looking the Mississippi. New hospital with CT/MRI. 
Gorgeous wooded area, abundant wildlife, top 
schools, located between two premier metro areas: 
Guarantee + bonuses = six figure first year income. 
Early partnership. Call or mail CV: Julie Sherriff, 
10955 Granada #203, Overland Park, KS 66211. 
(800) 533-0525. 


BC/BE GENERAL SURGEON, preferably with vas- 
cular/thoracic surgical experience. Opportunity to 
become partner in well-established practice with no 
buy-in requirement. Excellent salary/benefits. Affil- 
iated with progressive hospital in western New 
Hampshire. Contact: Martin Rosenberg, Valley 
Regional Hospital, 243 Elm Street, Claremont, NH 
03743. 


WANTED: Board-eligible or board-certified general 
surgeon with subspecialty in vascular surgery to 
join a three person surgical practice in upstate New 
York. Send CV to: Surgical Associates, P.C., 161 
Riverside Drive, Binghamton, NY 13905. 


BC/BE GENERAL SURGEON position available 
with a nine-physician, multi-specialty group prac- 
tice. Located in eastern Montana along the Yellow- 
stone River Valley. Excellent financial package plus 
all the advantages of a rural life style yet accessible 
to a large city's attractions. Send CV to: Welsey 
Wills, Administrator, Garberson Clinic, 2200 Box 
Elder, Miles City. MT 59301. 


Directors Wanted 


DIRECTOR OF SURGICAL CRITICAL CARE—The 
Oregon Health Sciences University Department of 
Surgery is seeking a surgeon to direct surgical criti- 
cal care. The individual selected will additionally 
attend on the trauma service and be expected to 
develop a research program. It is anticipated that the 
applicant will be at the assistant professor level. 
Applicants should be board-certified or -eligible in 
general surgery and critical care. Reply with CV to: 
Richard A. Crass, MD, Professor and Head, Division 
of General Surgery, The Oregon Health Sciences 
University, L223A, 3181 Southwest Sam Jackson 
Park Road, Portland, OR 97201-3098. The Oregon 
Health Sciences University is an equal opportuni- 
ty/affirmative action employer. 
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Miscellaneous _ 


SCLEROTHERAPY '89 — A comprehensive inoffice 
training program for the treatment of truncal vari- 
cosities and telangiectasias. Three day clinical 
workshops, VHS tapes, and a complete practition- 
er's guide offered by a clinical instructor in surgery, 
USC Medical School, Los Angeles, California. For 
information, write to: Vein Disorders Center, c/o 
Gabriel Goren, MD, 16311 Ventura Boulevard, Suite 
505, Encino, CA 91436. Telephone: (818) 905-5502: 
FAX: (818) 905-6092. 
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Medical Office Systems™ 

* Office Management System 

* Office Billing System 

* Electronic Claims System 

è Bar Coding System 
Easy instaliation-operation, advanced multi- 
user capabilities, exceptional support ser- 
vices. Software purchase starting at ONLY 
$495 qualifies for substantial savings on IBM 
PS/2 computers. For free info or demo disk: 
AMERICAN MEDICAL SOFTWARE’ 
P.O Box 236 Edwardsville, IL 62025 
800-423-8836 618-692-1300 





Faculty Positions 


VASCULAR SURGEON — The Department of 
Surgery, Medical College of Pennsylvania is recruit- 
ing a board-certified/-eligible vascular surgeon for a 
full-time academic position. Responsibilities include 
patient care, research, medical student and resident 
instruction. Benefits and insurance included. Apply 
to: Division of Vascular Surgery, Medical College of 
Pennsylvania, Philadelphia, PA 19129. 


Medical Equipment / Supplies- 


GREAT SALE: tables, lights, etc., etc. Refurbished/ 
warranted. Call toll free: (800) 748-5748. MFI 
Medical. We'll purchase your equipment, too! 


Medical Publications 


SCLEROTHERAPY For Truncal Varicose Veins and 
Telagiectasias: Practioner's Guide ($55) available 
from Vein Disorders Center, 16311 Ventura Boule- 
vard, Suite 505, Encino, CA 91436. (818) 905-5502: 
FAX: (818) 905-6092. 


-Practices For Sale 


SELLING YOUR PRACTICE? The AMA journal in 
your specialty is your best place to advertise. Now 
available are very affordable ads that are perfect for 
finding a buyer. Also, Box service is available for 
your convenience and confidentiality. Call our 
“Classified Advertising” office toll free: National 
(800) 237-9851; in Florida (800) 553-8288. 


CLASSIFIED INFORMATION 
Call: 


National 800-237-9851 
Florida 800-553-8288 
Local 813-443-7666 





Physicians/Surgeons 


HELP US MAKE 
A DIFFERENCE! 


Openings Available 
In California 


e Statewide e 


The State of California Department of Corrections 
has outstanding opportunities and excellent benefits. If 
you are interested in opportunities for innovation, pro- 
fessional growth and promotion, 


Call Today: 
(916) 739-2982 





RESEARCH FELLOWSHIP 


Available July 1, 1990. Candidates 
should be residents in training or 
have completed training in general 
Surgery or surgical subspecia'ties. 

























SURGICAL ONCOLOGY 





UNIVERSITY OF 
PENNSYLVANIA 











Call or write: 


John M. Daly, MD, Chief 
Division of Surgical Oncology 
Hospital of the University 
of Pennsylvania 


UNIVERSITY OF PENNYSLYANIA 


3400 Spruce Street 
Philadelphia, PA 19104 
(215) 662-7866 


Deadline for application: 
January 31, 1990 
An affirmative action/ 
equal opportunity employer 
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The Surgery Boards Review Course 


November 3-5 — Philadelphia 
February 2-4 — San Antonio 


OBJECTIVES: 


è To increase knowledge of surgical principles and practice 
e To prepare candidates to take written and oral board exams 
è To provide a comprehensive review for recertification 


December 8-10 — Atlanta 
March 9-11 — Los Angeles 


June 4-10, 1990 — St. Louis 


Now, a special update for your recertification or written or oral exam 


METHODS: 


e HOME STUDY MATERIALS consisting of a syllabus of 
questions with assignments and answers 


e SEMINAR with projection slides and syllabus 


"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, 
not only from world-famous authorities but from people who are relatively unknown as well."* 


Part I Course: June 4-10, 1990 — St. Louis 


BASIC SURGERY 


Anatomy 
Embryology 
Physiology 
Fluids and Electrolytes 
Acid-Base and Gasses 
Metabolic Response 
Wound Healing 
Anesthesiology 


Shock 
Resuscitation 
Bleeding 
Transfusion 


Neoplasia 

Transplantation 

Trauma 

Burns 

Surgical Care 
Pre- and post-op 
Nutrition 


Patient Monitoring 
Infections 


GENERAL SURGERY 


Alimentary Tract 
Esophagus 
Stomach 
ppe 
Colon 
Rectum and Anus 


Endocrine 
Thyroid 
Parathyroid 
Pituitary 
Adrenal 


Phone 


P.O. Box 2218 
Terre Haute, IN 47802 


Mail today to: 


1094 Dawn Lane, Dept. A11 


Abdomen 
Liver and Gallbladder 
Pancreas and Spleen 
Peritonitis 
Abdominal Abscess 
Abdominal Wall 
Retroperitoneum 
Abdominal Hernias 

Breast 

Skin 

Head and Neck 
Anatomy 
Tumors 
Trauma 


SPECIAL SURGERY 
Thoracic Surgery 
Chest Wall/Pleura 
Lung/Mediastinum 
Cardiac Surgery 
Congenital Heart 
Acquired Heart 


Vascular Surgery 
The Great Veins 
Peripheral Arteries 
Veins and Lymphatics 


Orthopedic Surgery 

Fractures 

Joint Disorders 

Amputations 
Hand Surgery 
Pediatric Surgery 
Urologic Surgery 
Gynecologic Surgery 
Neurosurgery 
Plastic Surgery 


Part II Courses 


Nov. 3-5 — Philadelphia 
Dec. 8-10 — Atlanta 

Feb. 2-4 — San Antonio 
Mar. 9-11 — Los Angeles 
June 8-10 — St. Louis 
Sept. 7-9 — Hartford 
Oct. 26-28 — Columbus 
Dec. 7-9 — Seattle 


The Part II Course is 
designed to prepare board 
candidates for their oral 
exam. Board certified sur- 
geons may also find the 
clinical case approach to be 
a useful update. 


The course will consist 
mostly of mock oral exams, 
each bassed on a presenting 
problem leading to ques- 
tions on differential 
diagnosis, treatment op- 
tions, and complications. 
Following each exam the 
faculty will give a critique 
and answer questions. 


Each participant will have 
at least one turn being ex- 
amined and unlimited 
observation of other ex- 
aminations. Additional 
turns being examined and 
private examinations (i.e. 
no other participants ob- 
serving) may be arranged 
for additional fees. 


City/State/Zip 


For: (_] Part I Course: 





June 4-10, 1990 — St. Louis 


O Part II Course: 


date 
C] Check is enclosed for $ 





city 


(] Please send more information. 


"Accommodations were comfortable...."* 


GOALS AND LOCATION: The Part I 
course is mostly lectures and evening 
mock oral exams to help you prepare for 
your written and oral or recertification 
exams. The Part II course is mostly mock 
orals exams for three days before and in 


| the same city as each oral exam. The 
| course hotel will be the best available 


combination of excellent study environ- 
ment and bargain rates. Our experience 


| shows that patient negotiations yield the 


best value. We will inform participants as 
soon as the hotel contract is signed. 
Please await instructions before purchas- 
ing your travel tickets. 


"and those little extras...."* 
LOWEST AIR FARES: Please call 


| toll-free 1-800-548-8185 and identify 


yourself with this Osler course for special 


| group fares. 
| " remarkably complete and pleasant"* 
| PLACEMENT SERVICE: For a practice 


rrr TTT TTT Tee eee eee 


opportunity write or call 1-800-356-7537. 
"the most education for the money."* 


FEES AND COURSE HOURS: 

eSurgeon or Resident: Surg. Res. hrs. 

e Part I course: $720 S80 65 

e Part II course: $390 $260 25 

è Repeating course within 3 years: half price 

e Add 10% within 10 days of the course. 

e Attendees not in course hotel add $11/day. 

e Fees do not include lodging or meals. 

e Deposit of $50 will reserve your position. 

e Most home study materials will be mailed 
after half of registration fee is received. 


" home study material was extremely helpful."* 


REFUNDS: Subject to a $50 fee, refunds 
will be made until the seminar begins. 
eCancellation after mailing home study 

material requires retention of half the fee. 


"I feel [the course] helped me pass the boards."* 


INFORMATION: 
Joseph H. Selliken Jr., M.D. 
THE OSLER INSTITUTE 
1094 Dawn Lane, P.O. Box 2218 
Terre Haute, IN 47802 s 
(800) 356-7537 or (812) 299-5658 


*Comments by participants of our courses 


ad 
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due to indicated organisms 


For Intravenouseor Intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE 

TREATMENT. CEFOTAN® (cefotetan disodium) is indicated for the therapeutic treatment of the 

following infections when caused by susceptible strains of the designated organisms: 

peer tract infections caused by £ coli, Klebsiella species (including K pneumoniae), Proteus 

mirabilis and Proteus sp which may include the organisms now called Proteus vulgaris, Providencia 

rettgeri, and Morganella morganil). 

Lower respiratory tract infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 
Staphylococcus aureus (penicillinase- and nonpenicillinase-producing strains), Haemophilus influenzae 
including ampicillin-resistant strains), Klebsiella species (including K pneumoniae), and E coli. 

n and skin structure infections caused by Staphylococcus aureus (penicillinase- and nonpenicil- 
linase-producing strains) Staphylococcus epidermidis, Streptococcus pyogenes and Streptococcus 
species (excluding enterococci), and E coli. 

Gynecologic infections caused by Staphylococcus aureus* (including penicillinase- and nonpenicil- 
linase-producing strains). Staphylococcus epidermidis, Streptococcus species (excluding entero- 
cocci), E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding B distasonis, 
B ovatus, B thetaiotaomicron), Fusobacterium species,” and gram-positive anaerobic cocci (including 
Peptococcus and Peptostreptecoccus species"). 

intra-abdominai infections caused by £ coli, iella species (including K pneumoniae’), Strepto- 
coccus species (excluding enterococci), and Bacteroides species (excluding B distasonis, B ovatus, 
B thetaiotaomicron). 

Bone and joint infections caused by Staphylococcus aureus. 

“Efficacy for this organism in this organ system was studied in fewer than ten infections. 

Specimens for bacteriological examination should be obtained in order to isolate and identify 
causative organisms and to determine their susceptibilities to cefotetan. iy ed may be instituted 
before results of susceptibility studies are known; however, once these results become available, the 
antibiotic treatment shouid be adjusted accordingly. 

In cases of confirmed er suspected gram-positive or gram-negative sepsis or in patients with other 
serious infections in which the causative organism has not been identified, it is possible to use CEFOTAN 
concomitantly with an aminoglycoside. Cefotetan combinations with aminoglycosides have been shown 
to be synergistic in vitro be pear many Enterobacteriaceae and also some other gram-negative bacteria. 
The dosage recommended in the labeling of both antibiotics may be given and depends on the severity 
of the infection and the patient's condition. 

NOTE: If CEFOTAN and an aminoglycoside are used concomitantly, renal function should be carefully 
monitored, especially if higher dosages of the aminoglycoside are to be administered or if therapy is 
prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglycosidic antibiotics. 
Although, to date. nephrotoxicity has not been noted when CEFOTAN was given alone, it is possible that 
nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an aminoglycoside. 
PROPHYLAXIS: The preaperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean con- 
taminated or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, trans- 
urethral surgery, biliary tract surgery, and gastrointestinal ar of 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In pa- 
tients undergoing cesarean section, CEFOTAN should be administered intravenously after the clamping 
of the umbilical cord. 

If there are signs and symptoms of infection, specimens for culture should be obtained for identifica- 
tion of the causative organism so that appropriate therapeutic measures may be initiated. 
CONTRAINDICATIONS 
CEFOTAN is contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 


WARNINGS 

Before therapy with CEFOTAN is instituted, careful inquiry should be made to determine whether the 
patient has ha lous hy ivity reactions to c n disodium, cephalosporins, 
penicillins, or drugs. This product should be given cautiously to penicillin-sensitive patients. 


Antibiotics should be administered with caution to any patient who has demonstrated some form of 
allergy, particularly to — If an allergic reaction to CEFOTAN occurs, discontinue the drug. 
Serious acute hypersensitivity reactions may require — and other emergency measures. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 
spectrum antibiotics); therefore, it is important to consider its diagnosis In patients who develop 
diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit over- 
growth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
antibiotic-associated colitis. Cholestyramine and colestipol resins have been shown to bind the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be 
managed with fiuid, electrolyte, and protein supplementation as indicated. When the colitis is not re- 
lieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for anti- 
oneal aay pseudomembranous colitis produced by C difficile. Other causes should also be considered. 
GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection 
does occur during therapy, appropriate measures should be taken. 

In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity. Those at risk include patients with renal or hepatic impairment or poor nutri- 
tional state, the elderly and patients with cancer. Prothrombin times should be monitored in patients at 
risk and exogenous vitamin K administered as indicated. 

iad ae should be used with caution in individuals with a history of gastrointestinal disease, par- 
ticularly colitis. 

INFORMATION FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 
characterized by flushing, sweating, headache, and tachycardia may occur when alcohol (beer, wine, 
etc.) is ingested. within 72 hours after CEFOTAN administration. Patients should be cautioned about the 
ngaen of alcoholic beverages following the administration of CEFOTAN. 

DRUG INTERACTIONS: Although to date nephrotoxicity has not been noted when CEFOTAN was given 
alone, it is possible that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 


eee 
DRU TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 
with Benedict's or Fehling’s solution. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
serum and urine creatinine levels by Jaffe reaction and produce false increases in the levels of 
Creatinine reported. 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 


animals have not deen performed to evaluate carcinogenic potential, no mutagenic potential of 
cefotetan was found in standard laboratory tests. 

Cefotetan has:adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day (approximately 8-15 times the usual adult human dose) on days 6-35 of life (thought to be 





CEFOTAN... 
(cefotetan disodium} 


In intra-abdominal and gynecologic infection 


CEFOTAN® (cefotetan disodium) 


developmentally analogous to late childhood and erga in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day (approximately 2-4 times the usual human dose) only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. 

Similar lesions have been observed in experiments of comparable design with other methylthiotetrazole- 
containing antibiotics and impaired fertility hes been reported, ater | at high dose levels. No 
testicular effects were observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or 
in infant ey (3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. 
findings to humans is unknown. 

USAGE IN PREGNANCY: ncy Category B: Reproduction studies have been performed in rats 

and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired fertil- 

ity or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled studies in 

pregnant women. Because animal reproductive studies are not always predictive of human response, 

this aoua be used during pregnancy only if clearly needed. 

USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations. Cau- 

tion should be exercised when cefotetan is administered to a nursing woman. 

PEDIATRIC USE: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 

In clinical studies, the following adverse effects were considered related to CEFOTAN therapy. 

emra E OPN occurred in 1.5% of patients; the most frequent were diarrhea (1 in 80) and 

nausea (1 in ; 

Hematologic laboratory abnormalities occurred in 1.4% of patients and included eosinophilia (1 in 200), 
ositive direct Coombs test (1 in 250), and thrombocytosis (1 in 300). 

epatic enzyme elevations occurred in 1.2% of patients and included a rise in SGPT (1 im 150), SGOT 
(1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 

i eh ai reactions were reported in 1.2% of patients and included rash (1 in 150) and itching 

in 
Local effects were reported in less than 1.0% of patients and included phlebitis at the site of injection 
(1 in 300), and discomfort (1 in 500). During 20stmarketing experience with CEFOTAN, anaphylactic 
reactions and transient thrombocytopenia have been reported. 

DOSAGE AND ADMINISTRAT 

TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intra- 
muscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be deter- 
mined by the condition of the patient, severity of the infection, and susceptibility of the causative organism. 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


e relevance of these 


Type ef Infection Dally Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3 g every 12 hours IV 


“Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or potentially contaminated 
surgery 'n adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be admin- 
istered as soon as the umbilical cord is clamped. 

IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 


DOSAGE GUIDELINES FOR PATIENTS 
WITH IMPAIRED RENAL FUNCTION 
Creatinine Clearance 
mL/min Dose Frequency 
>30 Usual Recommended Dosage” Every 12 hours 
10-30 Usual Recommended Dosage* Every 24 hours 
<10 Usual Recommended Dosage* Every 48 hours 


*Dose determined pan type and severity of infection, and susceptibility of the causative organism. 
Alternatively, the dosing interval may remain constant at 12 hour intervals, but the dose reduced to 
one-half the usual recommended dose for patients with a creatinine clearance of 10-30 mL/min, and 
one-quarter the usual recommended dose for patients with a creatinine clearance of less than 10 mL/min. 
When only serum creatinine levels are available, creatinine clearance may be calculated from the 
following formula. The serum creatinine level should represent a steady state of renal function. 


Weight (kg) x (140 - age) 


Males: ao eS ERT Sy Be ES 
72 x serum creatinine (mg/100 mL) 


Females: 0.9 x value for males 

Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis. 
HOW SUPPLIED 
CEFOTAN is a dry, white to pale yellow powder supplied in vials containing cefotetan disodium equiv- 
alent to 1 g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1 g dose is 
available in 10 mL and 100 mL vials, and the 2 g dose is available in 20 mL and 100 mL vials. CEFOTAN 
is also available in a pharmacy bulk package of 10 g in 100 mL vials. The vials should not be stored at 
temperatures above 22°C and should be protected from light. 

1 g in 10 mL vial (NDC ap Aet 2 gin 20 mL vial (NDC 0038-0377-20); 1 g in 100 mL vial 
(NDC 0038-0376-11); 2 g in t00 mL vial (NDC 0038-0377-21); 10 g in 100 mL vial (NDC 0938-0375-10). 


Manufactured for 


STUART PHARMACEUTICALS 


A business unit of ICI Americas Inc. 


Wilmington, Delaware 19897 USA Rev. | 11/88 63985-01 


Cefotan 
arithmetic. 


more cost-effective 
than cefoxitin"? 


less frequent dosing 
than cefoxitin’ 


several times the half-life 
of cefoxitin” 
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single-dose prophylaxis/ 
NN twice-daily treatment 
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References: 1. Nightingale CH, Smith KS, Quintiliani R, et al: The conversion of cefoxitin usage 
to cefotetan: An interdisciplinary approach. Am J Surg 1988;155(5A):101-102. 2. Sochalski A, 
Sullman S, Andriole VT: Cost-2effectiveness study of cefotetan versus cefoxitin and cefotetan 
versus combination antibiotic regimens. Am J Surg 1988;155(5A):96-101. 3. CEFOTAN® 
(cefotetan disodium) full prescribing information issued March 1986. 4. Physicians’ Desk 
Reference, ed 43. Oradel, NJ, Medical Economics Co, 1989. Mefoxin® (cefoxitin sodium, MSD), 
pp 1355-1357. 5. Carver M, Qu'ntiliani R, Nightingale CH: Comparative pharmacokinetic 
study of cefotetan and cefoxitin in healthy volunteers. /nfect Surg, April 1986 (suppl), 

pp 11-14. 6. Quintiliani R, Nightingale CH, Stevens RC, et al: Comparative pharmacokinetics 
of cefotetan and cefoxitin in patients undergoing hysterectomies and colorectal operations. 
Am J Surg 1988;155(5A):67-70. 


Please see adjacent page for brief summary of prescribing information. 
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EDITORIAL 
The Surgical Infection Society Organ 
COMMENTARIES 
Anti-Antivivisection Harken, Harken 


Ongoing ‘Threats’ to Biliary Surgery Cooperman, Siegel, Hammerman, Neff 
ORIGINAL ARTICLE 


Cosmesis and Local Control After Irradiation in Women Treated Conservatively for 
Breast Cancer . Steeves, Phromratanapongse, Wolberg, Tormey 


PROGRAM OF THE SURGICAL INFECTION SOCIETY —1989—PART | 


Oxygen Delivery in Patients With Adult Respiratory Distress Syndrome Who Undergo 
Surgery Cryer, Richardson, Longmire-Cook, Brown 


The Incidence of Decreased Red Blood Cell Deformability in Sepsis and the 
Association With Oxygen Free Radical Damage and Multiple-System Organ Failure 
Machiedo, Powell, Rush, Swislocki, Dikdan 


Development of a Bacteria-Independent Model of the Multiple Organ Failure 
Syndrome Steinberg, Flynn, Kelley, Bitzer, Sharma, Gutierrez, Baxter, 
Lalka, Sands, Van Liew, Hassett, Price, Beam, Flint 


Glutamine-Supplemented Total Parenteral Nutrition Improves Gut Immune Function 
Burke, Alverdy, Aoys, Moss 


Tumor Necrosis Factor Induces Adult Respiratory Distress Syndrome in Rats 
Ferrari-Baliviera, Mealy, Smith, Wilmore 


Delayed Administration of Tissue Plasminogen Activator Reduces Intra-abdominal 
Abscess Formation McRitchie, Cummings, Rotstein 


Enhanced Effectiveness of Intraperitoneal Antibiotics Administered via Liposomal 
Carrier Price, Horton, Baxter 


Kupffer Cell Cytotoxicity to Hepatocytes in Coculture Requires L-Arginine Billiar, 
: Curran, West, Hofmann, Simmons 


Characterization of Wound Cytokines in the Sponge Matrix Model Ford, 
Hoffman, Wing, Magee, Mcintyre, Simmons 


The Wound Is a Possible Source of Posttraumatic Immunosuppression Lazarou, 
Barbul, Wasserkrug, Efron 


Endotoxin Tolerance Is Associated With Reduced Secretion of Tumor Necrosis 
Factor Sanchez-Cantu, Rode, Christou 


Dynamics of Immunoglobulin Synthesis After Major Trauma Ertel, Faist, Nestle, 
Schuebel, Storck, Schildberg 
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ROCEPHIN® (ceftriaxone sodium Roche) 
Before prescribing, please consult complete product information, a summary of which follows: 


INDICATIONS AND USAGE: Rocephin is indicated for the treatment of the following infections when 
caused by susceptible organisms: 

LOWER RESPIRATORY TRACT INFECTIONS caused by Strep. pneumoniae, Streptococcus spe- 
cies (excluding enterococci), Staph. aureus, H. influenzae, H. parainfluenzae, Klebsiella species 
(including K. pneumoniae), E. coli, E. aerogenes, Proteus mirabilis and Serratia marcescens. 


SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus, Staph. epidermidis, Strep- 
tococcus species (excluding enterococci), E. cloacae, Klebsiella species (including K. pneumo- 
niae). Proteus mirabilis and Pseudomonas aeruginosa. 


URINARY TRACT INFECTIONS (complicated and uncomplicated) caused by E. coli, Proteus mir- 
abilis, Proteus vulgaris, M. morganii and Klebsiella species (including K. pneumoniae). 
UNCOMPLICATED GONORRHEA (cervical/urethral and rectal) caused by Neisseria gonor- 
rhoeae, including both penicillinase and nonpenicillinase producing strains. 


PELVIC INFLAMMATORY DISEASE caused by N. gonorrhoeae. 


BACTERIAL SEPTICEMIA caused by Staph. aureus, Strep. pneumoniae, E. coli, H. influenzae and 
K. pneumoniae. 


BONE AND JOINT INFECTIONS caused by Staph. aureus, Strep. pneumoniae, Streptococcus 
species (excluding enterococci), E. coli, P. mirabilis, K. pneumoniae and Enterobacter species. 


INTRA-ABDOMINAL INFECTIONS caused by E. coli and K. pneumoniae. 


MENINGITIS caused by H. influenzae, N. meningitidis and Strep. pneumoniae. Ceftriaxone has 
also been used successfully in a limited number of cases of meningitis and shunt infections 
caused by Staph. epidermidis and E. coli. 

SURGICAL PROPHYLAXIS: Preoperative administration of a single 1 gm dose may reduce inci- 
dence of postoperative infections in patients undergoing surgical procedures classified as con- 
taminated or potentially contaminated (e.g., vaginal or abdominal hysterectomy) and in those for 
whom infection at the operative site presents serious risk (e.g., during Coronary artery bypass 
surgery). 

Although ceftriaxone has been shown to have been as effective as 
cefazolin in the prevention of infection following coronary artery by- 
pass surgery, no placebe-controlied trials have been conducted to 
evaluate any cephalosporin antibiotic in the prevention of infection 
following coronary artery bypass surgery. When administered be- 
fore indicated surgical procedures, a single 1 gm dose provides 
protection from most infections due to susceptible organisms for 
duration of procedure. 

SUSCEPTIBILITY TESTING. Before instituting treatment with 
Rocephin, appropriate specimens should be obtained for isolation 
of the causative organism and for determination of its susceptibil- 
ity to the drug. Therapy may be instituted prior to obtaining results 
of susceptibility testing. 

CONTRAINDICATIONS: Rocephin is contraindicated in patients with 
known allergy to the cephalosporin class of antibiotics. 
WARNINGS: BEFORE THERAPY WITH ROCEPHIN IS INSTITUTED, 
CAREFUL INQUIRY SHOULD BE MADE TO DETERMINE WHETH- 
ER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY RE- 
ACTIONS TO CEPHALOSPORINS, PENICILLINS OR OTHER 
DRUGS. THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO 
PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE 
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What will you tell her about 
screening mammography? — 


Many of your patients will hear about screening 
mammography through a program launched by the 
American Cancer Society and the American College 
of Radiology, and they may come to you with 
questions. What will you tell them? 

We hope you'll encourage them to have a 
screening mammogram, because that, along with 
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your regular breast examinations and their monthly 
self examinations, offers the best chance of early 
detectien of breast cancer, a disease which will strike 
one woman in 10. 

If you have questions about breast cancer 
detectien for asymptomatic women, please contact 
us. 


American 1891 Preston White Drive 
College of Reston, Virginia 22091 


Radiology (703) 648-8900 
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The Surgical Infection Society 


he Surgical Infection Society (SIS) will celebrate its first 

decade of existence in 1990. This issue of the ARCHIVES 
carries the scientific transactions of the Ninth Annual SIS 
Meeting in Denver, Colo, April 13-14, 1989. 

The or-gin of SIS dates back to 1968 when the American 
College of Surgeons authorized the formation of a subcommit- 
tee on the control of surgical infections. During the mid-1970s, 
a group of young investigators began to meet at the time of the 
Society of University Surgeons meeting to discuss surgical 
infections and subsequently decided to establish a more for- 
mal group. A preorganizational meeting was held in Atlan- 
ta, Ga, April 23, 1980. The 10 surgeons in attendance became 
the founding members of the Society: Drs William Altemeier, 
John Burze, Hiram Polk, Walter and Peter Dineen, Harold 
Laufman, Jonathan Rhoads, Roger Sherman, Basil A. Pruitt, 
Jr, and J. Wesley Alexander.’ 

The first formal organizational meeting, held on May 17, 
1980 in Chicago, Ill, attracted 30 people. Dr William Alte- 
meier was elected as president and Dr William Sandusky as 
vice-president. The first annual meeting of the SIS was held 
in Chicago on April 25, 1981. The Archives of Surgery, under 
the editership of Dr Arthur Baue, possessed the vision to 
publish thesnitial reports in 1982, establishing a relationship 
that has continued to the present time. 

The A temeier lectureship, initiated in 1982, permitted the 
SIS president to select a lecturer to speak on a basic science 
topic. In the early years of the Society, fellowship programs 
were developed for young scientists with a special interest in 
surgical infections. These and other educational programs 
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received corporate financial support from 3M, Johnson & 
Johnson, Stuart Pharmaceuticals, and Merck Sharpe & 
Dohme. 

The original purpose of the Society, to promote and encour- - 
age education and research in the nature, prevention, diagno- 
sis, and treatment of surgical infections, has remained stead- 
fast. The spectrum of infections continues to plague all 
aspects of our discipline and ultimately impacts negatively on 
ideal results. Scientific information emanating from the annu- 
al SIS meetings has been excellent clinical and basie science 
research, placing them at the frontier of this discipline. The 
succession of SIS presidents who have given this organization 
sound guidance represents the best of American surgery in 
Altemeier, Sandusky, Burke, Rhoads, Pruitt, Alexander; 
Drs William Blakemore, Richard Simmons, and Jenathan 
Meakins; and President-Elect Robert Condon, MD. 

Our readers will find these issues stimulating The preven- 
tion, detection, and future management of surgical infections 
will not rest with newer and bigger antimicrobial agents. The 
research results reported each year by members of the SIS 
represent a significant saga in our understanding of the patho- 
genesis and pathophysiology of surgical infections. Surgeons 
must familiarize themselves with these new emerging con- 
cepts because the medical practices of tomorrow will be dic- 
tated by the research of today. 


CLAUDE H. ORGAN, JR, MD 


Editor 


1. Alexander JW. Old problems, new and persistent challenges. Arch Surg. 
1987;122:15-20. 
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Commentaries 


Anti-Antivivisection 
Have We Waited Too Long? 


cientific advance has provided us the tools to make our 
world dramatically more civilized and humane. Ar- 
guably, the United States has benefited disproportionately 
from this century’s revolution in science. In 1900, tuber- 
culosis was our most common cause of death, and in the 
1950s polio was still maiming and killing hundreds of 
thousands of American children. Both diseases are now 
rare. This country needs, wants, and deserves excellent 
science. The complexity of biologic systems, however, 
mandates that research be conducted in animals. No 
combination ef computers or lasers can reliably test hy- 
potheses developed in the natural sciences, and the biolog- 
ical sciences are bereft of relevance without animal vali- 
dation and experimentation. 

We are currently at a crossroads in our constructive 
scientific revolution. Until now, hypothesis has led logically 
to rigorous experimentation with ultimate animal and 
human testing. The ethies and necessity of animal research 
is currently being examined by groups of eonscientious 
citizens who are unfortunately confusing emotion for fact. 

Vermont Royster has written, “The ceremonial occasions 
of life have been so endlessly repeated that the wiser the 
observations they invoke, the more timeworn they appear.” 
The absolute necessity for responsible animal research is 
so often described that the reports have become timeworn. 
Only by wide understanding, however, can we expect to 
overcome the escalating opposition of antivivisectionists, 
who range from decent well-intentioned Americans to 
misguided and irresponsible criminals. In April 1989, the 
Animal Liberation Front claimed responsibility for setting 
fire to two University of Arizona laboratories and stealing 
1200 animals infected with Cryptosporidium, a bacteria 
causing dehydration and death in Third-World children. 
No one condones this kind of behavior. 

We who appreciate the magnitude of the need for humane 
research share a leve of animals. We do fail generally to 
communicate that need to the public adequately—and 
perhaps even to ourselves. Just so, we and sincere ethical 
antivivisectionists seem unaware of the wild terrorist and 
criminal extent to which the so-called anima! rights groups 
occasionally sink. 

The citizens of our country seem to fall into three 
overlapping groups. First, those who know that research 
is essential to the further relief of human and animal 
suffering, but that biologic systems are sufficiently com- 
plex as to require animal testing. Second, the vast public 
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that is relatively unconcerned, but on the other hand 
sympathetic to calls for humane research. Third, an ex- 
treme group of animal activists who are at times criminal 
and terrorist. 

The people in the first group tend to talk mostly among 
themselves. Occasionally, this group of people will testify 
before legislative bodies to oppose some specific restrictive 
legislation. At times, they write a letter to the editor in 
response to some outrageous action by the criminal anti- 
vivisectionists. Typically, the world recognizes the flagrant 
activist actions and discounts them but does wonder about 
some basis for these actions. Conversely, there are in- 
stances in which investigations have overstepped the reg- 
ulatory rules for research. Constructive dialogue is valua- 
ble. 

Organized antivivisectionists have existed for more than 
a century. In 1873, the founder of an antivivisection group 
wrote, “ Medical science has probably arrived at its extreme 
limits and has nothing to learn and nothing can be gained 
by repetition of experiments on animals.” How like Sir 
Stephen Paget who in 1896 said, “Surgery of the heart has 
reached the limits set by Nature to all surgery. No new 
method or no new technique can overcome the natural 
obstacles surrounding a wound of the heart.” 

Recently, a vice-president of an animal protection fund 
said, “Animal experimentation does not work.” A Massa- 
chusetts Institute of Technology staff member recently 
claimed that the animal method is obsolete and that 
experiments can be done on computers. Indeed, computers 
can refine existing knowledge; however, computers cannot 
explore new pathophysiologic realms. Dr Harvey Cushing, 
who used animals to develop neurosurgery, was asked at a 
hearing of the Massachusetts State Legislature, “Can there 
be no substitute for animals in your studies?” He re- 
spondec, “Yes, babies.” 

Over she decades, one of us (D.E.H.) has been asked to 
support the continued use of animals in research. To repeat 
an early testimony, we quote from 1948: 


Gentlemen, I come before this distinguished body for one of my 
first public appearances out of uniform. I want to describe four 
groups of 13 heart operations and their results: 

Group I. I opened the heart, operated on the heart, and closed 
the hears. All 13 died. Very discouraging! 

Group II. I performed 13 similar operations and there were 7 
deaths. Better but terrifying. 

Group III. Thirteen more operations were carried out on the 
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heart and only two died . . . getting better. . . emboldened to try 
another group. 

Group IV. Thirteen operations, opening the heart, removing 
foreign material from the heart and all patients lived! 

Gentlemen, the only difference between groups is that groups 
I, II, and III were laboratory animals; all of group IV were 
American soldiers . . . and they all lived. Shell fragments were 
removed from their hearts. They thank God that groups I, II, and 
III had gone before. 

Gentlemen, that constitutes the first consistently successful 
elective intracardiac surgery. We are on the threshold of a new 
surgical horizon. Please don’t let us be handicapped by this bill 
. . . We must continue our work with animals. 


The extent of existing protection and regulation of animal 
research is poorly understood by those not in the field. 
The standards of the National Institutes of Health are 
applied widely. They are generally backed by local, state, 
and federal laws. If you—if anyone—sees research that is 
cruel and inhumane and does not report it to those in 
charge of that laboratory, to the school or institution 
involved, you have become an accessory to a crime. If you 
see about you disease or disability and do not support 
humane ethical animal research, you are similarly permit- 
ting and promoting human suffering. 

The foregoing material is, as we hope, of interest to our 
surgical colleagues, but, more importantly, educational for 
our patients. We hope that we can bring about more active 
participation among colleagues, our patients, and the 
public. We encourage regulations promoting humane ani- 
mal research. 

The so-called animal rights groups or antivivisectionists, 
or those against research, are more aggressive than we 
seem to realize. As suggested earlier, our adversaries are 
at times subtle, even sinister. For example, they have 
suggested new animal welfare standards that, if enacted, 
would handicap research activities and place a $1 billion 
(possibly $2 billion) financial straight-jacket on already 
crippling laboratory costs. Currently, the Department of 
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Agriculture’s Animal and Plant Health Inspection Service 
proposes new review and credentialing standards for ani- 
mals in laboratories. These suggested new standards 
ignore the Animal Welfare Act as amended in 1985. They 
suggest restrictions that are at times unscientific, unrealis- 
tic, and even silly. They emasculate the supervision essen- 
tial to on-site veterinarians. 

But how, when, and where can surgeons make our 
influence effective? We can educate our patients amd keep 
ourselves informed. We can contribute to the Foundation 
for Biomedical Research, 818 Connecticut Ave, Suite 303, 
Washington, DC 20006. We should see that our hospitals, 
schools, and institutions are institutional members as well. 
Your own contributions will bring you the Foundation 
newsletter and the National Association for Biomedical 
Research (NABR) alerts. The NABR provides a commu- 
nication liaison with Congress. 

As surgeons, we cannot personally stop the break-ins, 
the destruction of laboratories and records, and other 
criminal and terrorist actions, disastrous as these are to 
the specific laboratories. Fortunately, the criminals are on 
balance self-destructing as the public becomes informed. 
We can, however, support local and national offices such as 
NABR. 

And recalling Vermont Royster, “Tis vastly important 
and later than you think.” 

Dwicut E. HARKEN, MD 
Boston, Mass 


ALDEN H. Harken, MD 
Denver, Colo 


Dwight E. Harken, MD, is Emeritus Clinical Professor of Surgery at 
Harvard Medical School; Aiden H. Harken, MD, is Professor and Chair- 
man, Department of Surgery, University of Colorado School of Medicine, 
and a member of the Editorial Board, Archives of Surgery. The commentary 
by this father-son team is the first in a series to be published in the 
ARCHIVES from current surgical families in which our discipline has been 
successfully replicated. 
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Ongoing ‘Threats to Biliary Surgery 


holecystectomy is the most commonly performed opera- 

tion in the United States. More than 500 000 procedures 
are done annually. For the past 20 years there has been 
an increasing emphasis on nonoperative therapy of biliary 
disease. 

Attempts at chemical dissolution of gallstones by solubiliz- 
ing bile salts and cholesterol (chenodeoxycholic and ursodeox- 
ycholic acid) have been unsuccessful in more than 80% of 
patients. M terbuty! ether injected into the gallbladder pro- 
vides dramatic dissolution of stones. There are several limit- 
ing factors, including biliary access, duodenal injury, the 
safety of the volatile ether, and the fact that ether is not 
approved for widespread use. 

Lithotripsy is the latest challenge to the biliary surgeon. 
While eagerly awaited by a public anxious to avoid surgery, 
lithotripsy is not without its disappointments and compli- 
cations; also, it is expensive ($7000), and more than one 
treatment may be necessary (approximately 30%). 

Added to these “threats” are endoscopic and percutaneous 
techniques that clear the gallbladder and duct of calculi or 
stabilize duct pressures and prevent cholangitis (endoscopic 
stenting). The recent innovations of removing duct calculi via 
an endoscopic sphincterotomy, leaving the gallbladder intact, 
and laparoscopic cholecystectomy are two additional effective 
challenges to cholecystectomy. Even when the intact gall- 
bladder has calculi, only 8% of patients develop cholecystitis 
in the first week, and another 8% develop cholecystitis 5 to 8 
years after the procedure. This low incidence is a further 
dissuasion from cholecystectomy. 

Since the fear of or aversion to cholecystectomy is real but 
the advantage is so great (it is the only way to cure the 
gallstone problem), surgeens must carefully select patients 
for surgery and must themselves take advantage of the mod- 
ern technology. 

The preoperative evaluation of abdominal and biliary 
symptoms is so complete and accurate today that a large 
incision to explore the abdomen and provide access for com- 
mon duct exploration is unnecessary in 90% of gallbladder 
operations, particularly in young and otherwise healthy pa- 
tients. What we have dubbed Band-Aid cholecystectomy and 
others have called minicholecystectomy emphasizes an atti- 
tude and approach to cholecystectomy and cholangiography 
that has the goal of early feeding, early ambulation, and 
dismissal 24 to 72 hours postoperatively. 

The issue of intraoperative evaluation of the common duct 
by cholangiography remains argumentative; some believe it 
should be done all the time, while others use it “selectively,” 
and still others use clinical criteria to determine the need for 
exploration. 
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Most surgeons rely on single-injection intraoperative cho- 
langiograms and considerable interpretative skills to be con- 
vinced a stone is or is not present in the common duct on 
operative cholangiograms. Spasm of the distal duct and frus- 
tration with the amount of x-ray penetration make cholangio- 
grams less than ideal. The superiority of c-arm fluorocho- 
langiogram is evident to every surgeon the first time it is 
used. Its superiority notwithstanding, the c-arm fluoro- 
cholangiogram is seldom used, despite availability in most 
operating rooms. The idea! method, of course, would be a 
small endescope passed through the cystic duct that visual- 
ized the common duct and intrahepatic radicles and could 
avoid a choledochotomy. The instrument has not yet been 
developed. 

Techniques to explore the common duct remain embarras- 
singly archaic. Duct exploration, essentially a blind traumatic 
procedure in which the surgeon is fortunate 9 times in 10, is 
done with mstruments that are old in design, and it is done in 
small ducts. It is no wonder that residual stones are left in at 
least 10% of patients. One or more stones may be identified by 
cholangiogram and still left behind after duct exploration and 
a completicn cholangiogram. 

Choledochoscopy certainly reduces the incidence of re- 
tained stones, but the ducts are often smaller than the caliber 
of the scopes (particularly fiberoptic scopes). Watching the 
interventional radiologist deal with retained calculi using 
fluoroscopy baskets, and small catheters emphasizes that 
extraction cf calculi can be accurate, not too disruptive to the 
duet mucosa, and far more precise than done intraoperative- 
ly. The new video endoscopic equipment further emphasizes 
how awkward and backward we are in viewing duct 
morphology 

We need <o be less dogmatic and more open-minded and 
enter the age of technological advances. Short-stay cholecys- 
tectomy, patient-controlled analgesia postoperatively, and 
accurate evaluation of the common duct with precise atrau- 
matic removal of calculi remain realistic goals. All surgeons 
urgently need to move toward the successful accomplishment 
of these goals rather than continuing the rhetoric and clinging 
to a less-tham-accurate past. 


AVRAM M. CoOPERMAN, MD 
JEROME SIEGEL, MD 
HILLEL HAMMERMAN, MD 
RICHARD NEFF, MD 

New York, NY 


Reprint requests to St Clare’s Hospital and Health Center, 426 W 52nd St, 
New York, NY 10019 (Dr Cooperman). 
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Cosmesis and Local Control After Irradiation 


in Women Treated Conservatively 


for Breast Cancer 


Richard A. Steeves, MD, PhD; Pramook Phromratanapongse, MD; William H. Wolberg, MD; Douglass C. Tormey, MD, PhD 


è One hundred twenty-two patients (124 tumor sites) with 
breast carcinoma (T1 to T3, NO to N2, MO) were treated by a 
lumpectomy and radiation therapy at the University of Wiscon- 
sin, Madison, from June 1978 to December 1986. Irradiation to the 
breast and regional lymph nodes was carried out with cobalt 60 
teletherapy in 2-Gy fractions to 50 Gy, followed by an additional 
boost of 10 Gy to the tumorectomy site with coned electrons. 
Cosmesis was analyzed by scoring the effects of surgery, as well 
as the effects of irradiation, and by photographic assessment. 
After a fol ow-up of 24 to 119 months (median, 36 months), 82% of 
the patiemts were found to have good or excellent cosmetic 
scores. There was a trend that favored better cosmetic results in 
younger patients and in patients with outer-quadrant lesions. No 
significant impact of adjuvant chemotherapy on the cosmetic 
outcome or on the complications of treatment was demon- 
strated. There were six local recurrences (5.2%), three of which 
were true recurrences and the other three that were new primary 
tumors; 11 distant failures (9%) occurred. The following side 
effects from imradiation developed in only 5 patients (4.1%): 
match-line fibrosis (n= 2), soft-tissue necrosis (n= 1), and per- 
sistent tenderness (n = 2). The conditions of the two patients with 
persistent tenderness responded favorably with conservative 
management. We concluded that a lumpectomy, followed by 
radiation therapy, provides good cosmetic results without com- 
promising the local control rate. If adjuvant chemotherapy is 
planned, we recommend that it be administered before radiation 
therapy in favor of concomitant therapy with both modalities. 

(Arch Surg. 1989;124:1369-1373) 


omen with breast cancer are entitled to a fair explana- 

tior of the advantages and disadvantages of a mastecto- 

my vs a lumpectomy.’ It has become a standard practice for 

surgeons to remind their patients that there is a breast- 

conserving alternative to mastectomy. Despite this, women 

who are surgically eligible for a lumpectomy accept this more 
conservat-ve procedure only 50% to 55% of the time.” 

Several reasons have been proposed for this. Since a lump- 


Accepted for publication July 1, 1989. 

From the Department of Human Oncology, University of Wisconsin, 
Madison. 

Reprint requests to Division of Radiation Oncology, University of Wiscon- 
sin, 600 Highland Ave, Madison, WI 53792 (Dr Steeves). 
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ectomy is usually linked with a 5- to 6-week course of postop- 
erative radiation therapy, some women are reluctant to in- 
vest the extra treatment time that is usually associated with 
breast-conserving surgery. Other women simply prefer to 
avoid irradiation if possible. However, most women listen 
carefully to the opinions offered by their surgeons about 
radiation therapy, and they may be influenced negatively if 
they hear phrases, such as “this is still experimental thera- 
py,” or “there is still very little information on the late effects 
of irradiation.” 

Therefore, this report on 122 women who were treated 
conservatively for breast cancer by a lumpectomy and radia- 
tion therapy and followed up for 2 to 10 years at the Universi- 
ty of Wisconsin, Madison, is presented emphasizing cosmesis 
as well as local control. 


PATIENTS AND METHODS 


One hundred twenty-two patients with 124 breast carcinomas (T1 
to T3, NO to N2, MO) (two patients had bilateral tumors) were treated 
by lumpectomies, followed by radiation therapy to the breast, be- 
tween June 1978 and December 1986. The number of patients who 
were referred each year (Fig 1) has gradually increased in frequency. 
Their ages ranged from 23 to 80 years, with a mean age of 53 years. 
The pathologic diagnosis was an infiltrating ductal carcinoma in 85% 
of the patients. When the diagnosis was an intraductal carcinoma (six 
patients), the axilla was not surgically staged or irradiated. Howev- 
er, the ipsilateral axilla was surgically staged in all patients with 
infiltrating carcinomas, except for two patients who refused this 
procedure. If any axillary nodes contained a metastatic neoplasm or if 
less than 10 lymph nodes were identified in the surgical specimen, the 
patient received radiation therapy to the axillary and supraclavicular 
nodes, as well as the breast. The internal mammary nodes were 
usually irradiated if the primary tumor was loeated in the medial or 
central part of the breast, irrespective of the axillary node status. 
Most premenopausal or perimenopausal women with axillary metas- 
tases received adjuvant chemotherapy before the start of radiation 
therapy. 

Table 1 shows a summary of the radiation treatment policy that 
usually is followed at the University of Wisconsin. Irradiation of the 
breast and regional lymph nodes was carried out with cebalt 60 
teletherapy, at a source-skin distance of 80 cm in2-Gy fractions 5 days 
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Table 1.— Selection of Treatment Areas Based on Clinical Variables* 


Axillary 

Location of Node Status 
Primary Tumor (Microscopic 

(Quadrant) Evaiuation) 
Outer E 
Central or inner - 
Central or inner - 
Outer n 
Central or inner a 
Any location + 


IMN Status Treatment 

(Lymphescintigraphy) Areas 

Oftem not done Breast only 

Normal Breast, IMN 

Abnormal Breast IMN, and SCN 

Normal Breast, SCN, and 

upper axilla 
Normal Breast, IMN, SCN, 
Abncrmal and upper axilla 


*Minus sign indicates negative; IMN, internal mammary nodes; SCN, supraclavicular nodes; and plus sign, positive. 
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Fig 1.—Referral trends for breast irradiation. 


per week to 50 Gy. The breast was treated with half-beam-blocked 
tangential fields without a bolus, and if the internal mammary nodes 
could not be encompassed by the tangential beams without excessive 
lung irradiation, they were treated through a separate anterior field 
with 12-MeV electrons. 

The tumorectomy site in the breast was given an additional 10- to 
16-Gy boost with 9- to 15-MeV electrons in 2-Gy fractions. Only two 
patients, with tumor eells close to the excised margim, required an 
implant with iridium B92 to deliver a boost dose of 20 Gy. Details of 
our current breast irradiation procedure have been published 
recently.” 

To be as objective and as consistent as possible in assessing the 
cosmetic effects of conservative therapy, we used a scoring system 
that was easy to follow, based on the effects of surgery, the effects of 
irradiation, and a photographic assessment of the difference between 
the treated and the untreated breast (Table 2). Subscores were added 
up to yield a total value that ranged from a maximum of 9 (worst 
result) to a minimum of 1 (best result). Cosmesis scores were all 
assigned during 1988 and refleet the cosmetic results after maximum 
follow-up. 


RESULTS 


The distribution by TNM staging of the 124 breast neo- 
plasms from 122 patients following conservative surgery is 
summarized in Table 3. Most of these tumors (71%) were less 
than 2 cm in diameter, and in most instances (72%), there was 
no clinical or patholegic evidence of nodal metastases. 

Of the 122 patients who completed radiation therapy, 3 died 
of metastatic cancer and 3 others died of unrelated disease, 
while 1 patient was unavailable for follow-up within 24 
months. The remaining 115 patients were followed up for a 
minimum of 24 months and a maximum of 119 months, with a 
median follow-up period of 36 months. 
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A summary of the cosmesis scores, assigned at the most 
recent fellow-up examination, is shown in Fig 2. The histo- 
gram follows a Poisson distribution, with a score of 3 being 
most frequent. Scores of 1 or 2 (excellent) and 3 or 4 (good) 
made up 82% of the total. When individual cosmesis scores 
were plotted according to patient age at the time of the 
lumpectomy (Fig 3), it was evident that the best scores were 
seen in the youngest patients, and the worst scores were 
observed in the oldest patients. However, many other vari- 
ables, besides age, caused a wide scattering of points and 
reduced the correlation coefficient to .25. 

Two other variables studied were the location of the prima- 
ry tumor in the breast (by quadrant) and the administration of 
adjuvan: chemotherapy (Table 4). Neither variable had a 
statistically significant impact on cosmesis, but there was a 
trend that favored a better cosmesis for outer-quadrant 
lesions. 

Finally, when we reviewed the records of patients with 
cosmesis scores greater than or equal to 5, the factor common 
to most of them was a large volume of breast tissue (>200 cm’) 
that was removed by the lumpectomy. The only exceptions to 
this were two patients with small breasts for whom the vol- 
ume of tissue removed relative to breast size was still large, 
and twc patients with lower inner-quadrant lesions, where 
even small lumpectomies led to significant breast distortion. 

Side effects from the irradiation itself were rare. Palpable 
fibrosis developed in a linear distribution, along the junction 
of three radiation beams, in two patients. It was painless, and 
the patients were hardly aware of it. A small focus of soft- 
tissue necrosis developed in the lumpectomy bed in another 
patient 7 months after irradiation that resulted in a local 
induration. Suspicion of recurrence was alleviated by local 
excision. Seven years later, this patient has remained free of a 
neoplasm or further soft-tissue necrosis. 

Two patients have complained of tenderness in the irradi- 
ated breast that has persisted for more than 2 years. There 
were no predisposing factors in one patient whose tenderness 
was mild, but the other patient had a smoldering mastitis that 
had not responded to antibiotic therapy by 9 weeks after a 
lumpectomy. We dared not delay radiation therapy longer, so 
we usec 1.8-Gy fractions, several 2-day interruptions during 
therapy, and reduced portals to less than the entire breast 
after 41 Gy. Despite these precautions, this patient had 
breast 2dema and tenderness that required occasional co- 
deine phosphate treatment throughout therapy and that per- 
sisted for more than 1 year, subsiding gradually through the 
second year. 

Loca. recurrences were also rare. Of the 117 lumpectomies 
performed on 115 patients who were examined for 2 to 10 
years after irradiation, there were six recurrences in the 
breast tself, and only half of these were true recurrences. 
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Table 2.—Basis for Cosmetic Scores* 


Effects of surgery 
0 = scar unapparent 
1=scar apparent 
2= major tissue loss 

Effects of irradiation 
















a skin changes (diffuse or along match lines); 
2 aodato fibrosis (diffuse or focal); 
3 =severe and retraction of the breast 

Photographic assessment 






1=excellent—hard to distinguish treated from untreated breast 
2 =good—treated breast slightly different from untreated breast 
3=fair—treated breast clearly different from untreated breast 

4=poor—treated breast seriously distorted 








*Added scores from all three categories above range from 1 (excellent case) 
to 4 (good case) to 9 (worst case). 








Table 3.— Distribution by TNM Staging of 124 Breast 
Neoplasms Obtained From 122 Patients Following 
Conservative Surgery 


Tumor Stage 
Total 


Node - 
Stage Tis T1 T2 T3 
0 0 61 19 1 
1 0 20 12 1 
g © Bd Oe N 
otal 6 82 34 2 
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Fig 2.—Cosmesis scores after breast irradiation. 


The latent period, treatment, and outcome for these 3 pa- 
tients and for the other 3 patients in whom new primary 
breast tumors developed are summarized in Table 5. The 
mean age of these 6 patients was only 46 years (as compared 
with 53 years for the entire group), and the mean latent period 
until recurrence was 2.7 years. 

There were ne axillary recurrences, but there were two 
recurrences in the internal mammary lymph nodes. One of 
these occurred 2 years after breast irradiation only for a T1, 
NO lesion, and the other occurred 5 years after breast and 
nodal irradiation for a T2, N1 lesion. 

Distant failures occurred in 11 (9%) of the 122 patients, 3 of 
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Fig 3.—Minimal impact of age on cosmesis scores. 


Table 4.— Effect of Tumor Location and Adjuvant 
Chemotherapy on Cosmesis Scores Following Breast 
Irradiation* 


Mean + SE 
Cosmesis Score (n) 


3.5+0.2 (31) 
3.7+0.6 (9) 
3.2+0.2 (50) 
2.8+0.4 (10), 
3.0+0.3 (21), and 
3.3+0.2 (78) 


*With regard to adjuvant chemotherapy, patients received either cyclophos- 
phamide (100 mg/m? by mouth) from days 1 to 14, doxorubicin hydrochloride 
(Adriamycin) (30 mg/m? intravenously) on days 1 and 8, fluorouracil (500 mg/ 
m? intravenously) on days 1 and 8, tamoxifen citrate (20 mg/d by mouth), and 
fluoxymesterone (20 mg/d by mouth) recycled on day 29 for four cycles, or a 
more complex, doxorubicin-containing regimen: for four cycles. 

tPlus sign indicates chemotherapy was administered; minus, patients who 
did not receive chemotherapy. 


Tumor Location 
(Breast Quadrant) 


Adjuvant 
Chemotherapyt 


Upper inner 
Lower inner 
Upper outer 
Lower outer 





whom died in less than 2 years and were excluded from the 
cosmetic analysis. The remaining 8 patients were included in 
this study and were followed up for 2 to 6 years (median, 2.5 
years), with cosmesis seores of 2 to 5 (mean, 3.3). 


COMMENT 


This study included patients with breast cancer who were 
referred with a steadily increasing frequency during a span of 
9 years (Fig 1), Although surgeons within the university have 
encouraged women to have breast-conserving surgery since 
1981,° twice as many patients who have undergone lumpecto- 
mies have been referred for radiation therapy each year from 
outside the university. The majority of the latter group asked 
for conservative surgery as soon as the lump or mammogra- 
phic abnormality was discovered. In general, referring sur- 
geons used wide (2-cm) margins of resection, although some 
relied on intraoperative frozen sections from the tumor bed. 
This may have contributed to our low recurrence rate (5%), 
although perhaps at some expense to the overall cosmetic 
results. 
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Table 5.—Clinical Characteristics of Local Breast Recurrences 


Type of Patient Age Initial 
Recurrence at Diagnosis, y 


True 34 


True 54 


Tumor Stage 
T1, NO, MO 


T2, N1, MO 


Latent 
Period, y 


Subsequent 


Treatment Outcome* 


4.C Mastectomy and NED 
chemotherapy 


BO Mastectomy and 
chemotherapy 


Died after 1 y 


3 True 64 T1, N1, MO 2.5 Mastectomy NED 
4 New primary 34 Tis, NO, MO 5.3 Mastectomy Unavailable for follow-up 
5 New primary 4 Tis, NO, MO 1.8 Lumpectomy NEDt 
6 


7 
New primary 54 
*NED indicates no evidence of disease. 


T1, NO, MO 





1.5 Mastectomy NED 


tThis patient had a second new primary tumor at 3.5 years that also was treated by a lumpectomy. Two years later, her breast that had undergone three 


lumpectomies had a cosmetic-score of 4. 


The cosmesis scores usec here may be likened to those used 
at Harvard Medical School, Boston, Mass,* where “excellent” 
was equivalent to 1 or 2, “good” to 3 or 4, “fair” to 5 or 6, and 
“poor” to 7, 8, or 9 in our scale of 1 to 9. Both scoring systems 
differ from that used at the Palo Alto (Calif) Medical Founda- 
tion’ where the functional changes (physical diseomfort and 
arm mobility) after treatment were included with the objec- 
tive changes (appearance and fibrosis). We favor our scoring 
system because it provides a systematic means of evaluating 
the surgical sear, the effects of irradiation, and the overall 
cosmetic appearance. 

Earlier analyses of cosmetic results and complications in 
patients with breast eancer who have undergone irradiation 
have shown correlations with the breast size, tumor size, 
body weight, and dose of radiation per fraction.** Some stud- 
ies also have shown a negative impact of adjuvant chemo- 
therapy on cosmesis and complications.” We did not observe 
any effect of adjuvant chemotherapy on the cosmetic scores in 
the present study, perhaps because all of our patients com- 
pleted their chemotherapy 2 weeks before the start of irradia- 
tion. In contrast, at least two thirds of the patients who were 
given adjuvant chemotherapy in the earlier studies had some 
of it administered concomitantly with their radiation treat- 
ments.’ We conclude that concomitant irradiation and che- 
motherapy, rather than adjuvant chemotherapy in general, 
may compromise the cosmetic result following breast 
irradiation. 

Although agë and tumor location were not significantly 
associated with an altered cosmesis, the results in Fig 3 and 
Table 4 show interesting trends that favor better cosmetic 
scores in younger women and among women with lesions in 
the outer half of the breast. The latter trend would have been 
even more evident if our mean score in line 3 (3.2) had not been 
elevated by several radial lumpectomy incisions that ex- 
tended from the nipple to the axilla to allow axillary dissection 
through a single incision. Subsequent fibrosis along such 
surgical scars may lead to significant breast distertion, and 
the use of radial incisions for upper-quadrant lumpectomies is 
strongly discouraged.* | 

There is no denying the fact that irradiation causes mild to 
moderate side effects during therapy, such as skin inflamma- 
tion or breast tenderness. The former was especially notice- 
able in patients who had received adjuvant chemotherapy and 
in internal mammary node regions that were treated with 
electrons, as well as photons, to protect the underlying myo- 
cardium.” However, none of the patients described here ex- 
perienced a wet desquamation as severe as that depicted in 
the Palo Alto study‘ and observed in 4 (8%) of their 51 patients 
treated by radiation therapy and adjuvant chemotherapy. 
Similarly, we did not observe late complications, such as arm 
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edema or rib fractures, that were occasionally noted in other 
studies in which concomitant radiation and chemotherapy 
were used.” We are inclined to conclude, as in our analysis of 
the cosmetic results, that at least some complications previ- 
ously ascribed to breast irradiation may be avoided by treat- 
ing patients with chemotherapeutic agents and irradiation 
sequentially rather than concomitantly. 

Our local recurrence rate was 5% (6/117 breasts treated by 
a lumpectomy and irradiation) after a median follow-up of 3 
years, a value in keeping with other reports following either a 
mastectomy or breast conservation." The true recurrence 
rate was only 2.5%, since three of the six “recurrences” were 
actually new primary tumors that subsequently developed in 
the irradiated breast. The latent period (1.5 to 5.3 years) was 
too short for the latter 3 to have been induced by x-rays, but 
they were considered to be new primary tumors because they 
were either of a different pathologic type or in a different part 
of the breast. . 

Of the 11 patients in whom distant metastases developed as 
the initial sites of failure, most enjoyed cosmetically good local 
control for the remainder of their lives, with only one local 
recurrence before death. This observation reinforces our rec- 
ommendaczion for breast-conserving surgery for most pa- 
tients with small primary carcinomas irrespective of their 
nodal status or other risk factors. 
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invited Commentary 


Steeves et al report their findings in a cohort of 122 women who 
were treated by lumpectomies and radiation therapy for carcino- 
ma of the breast. The assessment was made after a follow-up of 24 
to 119 months (median, 36 months). The evaluation ineluded such 
factors as the control of the disease, locally and systemically, and 
cosmesis. There were six local recurrences (5.2%) and 11 distant 
failures (9%); 82% of the patients were rated to have good or 
excellent cosmetic scores. Side effects from medication developed 
in only 5 patients (4.1%). 

Based on these reported findings, the authors have concluded, 
justifiably, that a lumpectomy, followed by radiation therapy, 
provides good cosmetic results without compromising the local 
control rate. 

The local control rate of 94.8% at a median follow-up of 3 years 
seems to be within the range reported for T1 to T2 breast lesions. 
What is lacking in the report is the distribution of lesion size and 
the relation of size to the reported results. If most of the lesions 
were T1, NO, for example, the reader might be less inclined to 
accept the local control rate. If, however, most were T3 lesions, 
then the reported control rate is assuredly excellent. 

Assessment of local control is objective. Assessment of appear- 
ance is not; it is highly subjective. Any scoring method, yet 
devised, is error prone and highly skewed by observer bias. 

The scoring method used by the authors has numbers and 
photographs—thus, the elements of objectivity seemingly are 


there. If the therapists were the observers, then some portion of 


objectivity is immediately eroded. Nowhere are we tcld who the 
observers were other than the authors. How many observations 
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were made? If more than one observation was made, was there 


interrater agreement? Was time a factor? Did the scores improve 


or deteriorate for the patients with time? 
Photographs, in the absence of multiple views, and the use of 


identical pretreatment and posttreatment photographic factors — 
distance, lighting, and photographer—can give false impressions. 
One might argue that, in this instance, the patient serves as her 


own control, and therefore, pretreatment views are of no impor- 
tance. Distortion, particularly progressive distortion, can be mea- 
sured only by multiple views, upright and recumbent, including 
pretreatment views. This may well explain why the younger 
patients had better outcome scores with regard to cosmesis. 
Contraction of the aging ptotic breast is easily detected. The use 
of a grid system with independent “blinded” observers enhances 
the objectivity of a cosmesis rating. 

Finally, these findings basically present a snapshot of the ap- 


pearance of a patient at a median of 3 years after treatment. The 


effects of irradiation are progressive. My colleagues and I have 
reported on the surgical management of some of the intermediate 
and late complications following radiation therapy for cancer of 
the breast. Fifty-four such patients were treated from 1974 to 
1983, with one or more of the following side effects: breast necro- 
sis, osteoradionecrosis, accelerated coronary atherosclerosis fol- 
lowed by an infected median sternotomy, brachial plexitis, lym- 
phedema, and induced neoplasia. 


MAURICE J. JURKIEWICZ, MD 
Atlanta, Ga 
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Current Results of Treatment for Distant 
Metastatic Well-Differentiated 


Thyroid Carcinoma 


William J. Wood, Jr, MD; S. Eva Singletary, MD; Robert C. Hickey, MD 


è Between 1960 and 1986, 37 patients were treated at M. D. 
Anderson Hospital and Tumor Institute, Houston, Tex, for metas- 
tases beyond the thyrocervical region arising from well-differen- 
tiated thyroid carcinomas. Patient, tumor, and treatment factors 
were analyzed in this group for their influence on survival. No 
specific factors achieved statistical significance; however, pa- 
tients having more than one site of metastasis and patients 
whose metastases arose less than 5 years after treatment of the 
primary tumor tended to have shorter overall survival times. 
More than one modality of treatment was used in the majority of 
patients. Complete surgical resection of metastases offered the 
best chance for prolonged survival and palliation. With long 
survival times being the rule, several treatment modalities are 
often required to provide continuous palliation. 

(Arch Surg. 1989;124:1374-1377) 


C ompared with other cancers, well-differentiated thyroid 
carcinomas have a relatively good prognosis. Approxi- 
mately 10% of patients will die of their disease, the majority 
succumbing to distant metastases. We evaluated the outcome 
of 37 patients with metastases beyond the thyrocervical re- 
gion. The effect of various patient, tumor, and treatment 
characteristics on survival are analyzed. 


PATIENTS AND METHODS 


We reviewed the courses of 56 patients with nonanaplastic thyroid 
carcinoma who had metastases beyond the thyrocervical region. All 
patients were treated at The University of Texas M. D. Anderson 
Cancer Center, Houston, between 1960 and 1986. Eighteen patients 
with medullary carcinoma were excluded from this analysis. The 
remaining 37 patients all had well-differentiated primary cell types: 
papillary in 19, follicular in 8, and Huřthle cell in 8. 

The mean age was 56 + 11.8 years (range, 25 to 76 years). The male- 
female ratio was 1:1.3. Racial classification was as follows: white, 20 
(54%); Hispanic, 11 (30%); black, 1 (3%); and other, including Asian 
and Middle Eastern, 5 (14%). 

All patients underwent treatment and follow-up at M. D. Anderson 
Cancer Center. Data were collected by chart review and telephone 
interview. Data were analyzed on a personal computer by means of 
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the R-Base System 5 Database and the Survpak Statistical Program 
for generating Kaplan-Meier plots. Subsets were compared with the 
log-rank test. 


RESULTS 


The median follow-up time was 6 years (range, 6 months to 
10.5 years). Papillary tumors, including mixed papillary and 
follicular types, were present in 19 patients (51%), follicular in 
8 (22%), and Huithle cell in 8 (22%). There was no difference in 
survival between the histologic types (P = .488). Neither age 
(<40 or >40) nor sex significantly affected survival (P = .913 
and P= 407, respectively). 

Many of the primary tumors were in an advanced stage, 
with feacures such as extracapsular extension (in 19 of the 25 
patients in whom information was available). Only 6 (24%) 
were under 3 cm in diameter. The remainder were either 
large tumors, greater than 3 cm in diameter, had extracapsu- 
lar extension, or were multifocal primary tumors. Of the 16 
patients with known information on nodal status at the time of 
treatment of the primary, 10 (62%) had positive nodes, and 8 
(50%) hed more than four lymph nodes positive. 

Almost half of the group (17 [46%]) had less than a total 
thyroidectomy for treatment of the primary tumor, 15 with- 
out and 2 with node dissection. Total thyroidectomy was 
performed in 18 patients (49%), 12 without and 6 with node 
dissection. Neither extent of initial thyroidectomy (P = .908) 
nor inclusion of node dissection (n=8, P = .462) affected sur- 
vival ater the development of metastases. Two were 
nondeterminant. 

Previous local or regional recurrence also had no bearing on 
survival (P=.936). Although 19 (51%) of the entire group 
required additional surgery for local or regional control, only 
one patient, who had mediastinal metastases from a papillary 
carcinoma, died of uncontrolled regional disease. 

The sites of metastasis are presented in Table 1. Nine of the 
37 patients had a secondary site of metastasis, and one had a 
third site in the brain. Overall, bone was the most common 
site (43%). Of all the bone metastases, 12 (75%) were in 
patients with follicular or Huithle cell histologic types. Lung 
metastases were the next most common (40%), followed by 
mediastinal nodal metastases (32%). Metastases to the cen- 
tral nervous system (9%) and liver (3%) were rare, and these 
tended *o be secondary sites. 

An attempt was made to identify significant prognostic 


Treatment of Thyroid Carcinoma—Wooc et al 


Table 1.—Primary and Secondary Sites of Metastasis 





Primary Secondary Total, 

(n=37) (n=9) No. (%) 
Bone 12 4 16 (43) 
Mediastinum 8 4 12 (32) 





Central nervous system 2 1 3 (9) 


Table 2.— Treatment of Metastatic Well-Differentiated 
Thyroid Cancer 





Site of Metastasis, No. 


Central 

Nervous 

Bone Lung Mediastinum System 
(n=16) (n=15) (n=12) (n=3) Total 


oO;}o;}o1;o@ 
oO; NINO 
OION] =|= 


factors by subset analysis of survival times after the diagnosis 
of metastasis. Although prognostic factors for patients with 
primary thyroid carcinomas have been well identified,” the 
determinant patient, tumor, and treatment factors are less 
well defined in the patients with stage IV disease. Due to the 
small number ef patients in our subsets, no single characteris- 
tic emerged as significant (P<.05) in the subset analysis. The 
generally indolent course of the well-differentiated thyroid 
carcinomas obligates one to very long follow-ups to identify 
differences in subset survival. However, several factors seem 
to approach statistical significance by univariate analysis of 
subsets. 

There were no differences in survival times between sub- 
sets of patients stratified by site of metastases, even when 
exclusive sites (for example, lung only) were considered 
(P =.553). However, patients having more than one site of 
metastasis had a median survival of 31 months compared with 
69 months if only a solitary site was found. This factor ap- 
proached significance (P = .073). 

Usually more than a single treatment modality was em- 
ployed. One modality was used in 11 patients; two in 11 
patients; three in 12 patients; and four in 3 patients. The 
breakdown of treatment modalities by specific site is shown in 
Table 2. External beam radiation was used in 21 instances, as 
was radioactive iodine. Surgery was done in 19 instances, and 
in 11 cases a complete resection of the metastasis was accom- 
plished. The 5-year survival was 67% if a complete resection 
was accomplished compared with 53% if resection was less 
than complete. The difference was not significant (P = .127). 
One patient achieved a complete response with external radi- 
ation combined with surgical treatment of mediastinal nodal 
metastases, and another patient with bone metastasis to the 
iliac crest achieved a complete response with external beam 
radiation and radioactive iodine. A third patient had radiation 
to a skull metastasis with no evidence of active disease in the 
site at the time of death. 

Embolization was helpful in devascularizing an ischial me- 
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Fig 1.—Computed tomographic scan showing a large soft-tissue me- 
tastasis involving clavicle, scapula, and chest wall. Four attempts at 
embolization failed to devascularize this tumor. 
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Fig 2.—Kaplan-Meier survival plots of patients whose first metastasis 
was discovered more than 5 years (crosses) vs less than 5 years 
(triangles) after treatment of the primary thyroid cancer. 


tastasis that had failed to respond to 40 Gy of external radia- 
tion plus intra-arterial cisplatin. This metastasis was success- 
fully resected after embolization of the feeding arteries, and 
the patient remained free of disease after 4 years. The large 
subclavicular mass seen in Fig 1 failed to respond to four 
embolizations with formalinized polyvinyl sponge (valon, 
Unipoint Industries Inc, Highpoint, NC) and absorbable gel- 
atin sponge (Gelfoam, The Upjohn Co, Kalamazoo, Mich) but 
was later found to concentrate iodine 131 after total thyroid- 
ectomy. This tumor has since responded well to meutron 
irradiation and I therapy. However, the patient developed a 
severe brachial plexus palsy after treatment of this asymp- 
tomatic metastasis. 

The effect of radioactive iodine therapy was difficult to 
ascertain, as this was used as a solitary modality in only one 
instance, where a humeral pathologic fracture site was 
treated with I by isolation perfusion via the axillary artery. 
The median survival of 49 months in those patients receiving 
"1I as part of a multimodality regimen was not significantly 
different (P =.987) from that of patients treated without “I 
(median, 52 months). 

Chemotherapy, used for treatment of 16 different metasta- 
ses, was usually reserved until all other therapies failed to 
halt progression of metastatic growth. No-complete respons- 
es were seen with any single agent or combination regimen. 
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Table 3.—Survival of Patients According to Site 
of Primary Metastasis 


Overall 
Survival 


Median Rates, % 


No. of Survival, 
Patients mo 


Bone 

Lungs 

Mediastinum 

Central nervous system 





*Median not reached. 
tProjected. 


A delay of more than 6 months in treatment of a metastasis 
after diagnosis did not affect overall survival (P =.131). Para- 
doxically, the 5-year survival in patients with delayed treat- 
ment was 70% compared with 38% in patientstreated within 6 
months. Possibly the more indolent, less symptomatic lesions 
were observed for a time by the patients or their physicians 
before treatment was thought to be necessary. 

Patients whose metastases were discovered more than 5 
years after treatment of their primary thyroid tumor may 
have been in a more favorable group (Fig 2). Although not 
significantly different by the log-rank test (P=.214), the 
curves appear to be diverging further with time. 

At the time of this report, 8 patients (22%) were alive 
without evidence of further metastases, 10 (27%) were alive 
with disease, 2 (5%) had died without evidence of any tumor, 
and 17 (46%) had died of their disease. The overall 5-year 
survival rate was 47%, and the projected 10-year survival 
rate was 34% Table 3. 


COMMENT 


The well-differenciated thyroid cancers infrequently me- 
tastasize beyond the thyrocervical region. In several large 
series of patients with papillary thyroid carcinomas, rates of 
distant metastasis ranged from 1.4%' to around 6%.** Follicu- 
lar carcinomas that show histologic evidence of vascular inva- 
sion, seen in roughly half of all cases, may have very high rates 
of distant metastatie spread and 10-year survival rates of less 
than 40%.” Hui'thle cell carcinomas were found to have a 25% 
rate of pulmonary metastasis in a previous report from this 
institution.’ 

The prognosis of metastatic well-differentiated thyroid 
cancers is more favorable than that of most other carcinomas. 
For instance, median survival after excision of melanoma 
lung metastases was only 9 months in a recent series.’ In 
contrast, the 5-yearsurvival in patients with lung metastases 
from well-differentiated thyroid carcinomas was, at worst, 
29% if the metastases did not show radioactive iodine uptake 
and as high as 61% if “I uptake was seen, as reported in a 
previous series." Cumulative survival in patients with resect- 
able metastases from various sites has previously been re- 
ported as high as 44.8% at 5 years and 33% at 10 years." 
Similarly, in our patients having resectable lesions, nearly 
one third of the entire group, the 5-year survival was 67%. 

A substantial number of patients may survive for long 


periods even without resection, although survival rates con- 
tinue to decline beyond 10 years. The 10-year survival among 
283 patients with metastatic thyroid cancer treated at the 
Institut Gustave-Roussy (Villejuif, France) was 38%, yet this 
declined to 30% at 15 years.’ 

The phenomenon of very late-appearing metastases was 
also noted in the patients of Schlumberger et al,° in whom 54% 
had metastases discovered 6 months to 41 years after treat- 
ment of the thyroid tumor. The average interval to metastasis 
was 53 months in our patients, and 24% had metastatic recur- 
rence more than 10 years after removal of the primary tumor. 

No prognostic factors achieved statistical significance 
among cur patients at the time of this report. Factors that 
may be essociated with a less favorable prognosis are multiple 
sites of metastasis and an interval of less than 5 years between 
treatment of the primary tumor and discovery of the first 
metastasis. These findings are consistent with the findings 
from Institut Gustav Roussy, where multivariate analysis 
identified four variables as having an independent prognostic 
significance.’ They were extensive metastases, greater age at 
discovery of metastasis, absence of radioactive iodine uptake, 
and mocerately differentiated follicular cell type. In our pa- 
tients, those having complete surgical resection or complete 
response to radiation therapy had nonsignificantly longer 
survival than did those with unresectable or nonresponding 
disease. 

Surgical resection was the most effective means of pro- 
longed cisease control. However, all but two patients under- 
going surgery had additional therapies, usually external 
beam radiation or radioactive iodine. Two patients had only 
surgical resection for treatment of mediastinal metastases, 
and they were free of disease at 7 and 25 months. Emboliza- 
tion was helpful as a preoperative treatment in one patient 
with an iliac metastasis but was unable to devascularize suc- 
cessfully a large soft-tissue metastasis in a second patient. 

Radicactive iodine therapy for metastatic well-differenti- 
ated thyroid carcinoma has long been a favored approach. 
Bierwak:es et al” found that patients rendered free of metas- 
tases had a higher conformity rate to a standard “ideal” 
treatment plan using “I; however, use of other therapeutic 
modalities was not reported. Samaan et alf observed im- 
proved survival in patients treated with radioactive iodine 
compared with those not treated. In the present series, no 
obvious survival benefit was seen from “I treatment; howev- 
er, all but 1 of the 12 patients treated with “I received 
additional treatment modalities that may have obscured the 
effect of radioactive iodine treatment. 


CONCLUSION 


Metastases beyond the thyrocervical region from well- 
differentiated thyroid carcinomas have a generally indolent 
behavior and may appear years after the primary tumor has 
been treated. Patients whose metastases appear within 5 
years of treatment of the primary tumor and those who have 
multiple sites of metastasis may have a poorer prognosis. 
Surgica. resection of mediastinal, bone, lung, central nervous 
system, or liver metastases offers the best chance for pro- 
longed survival. Embolization may be helpful as a preoper- 
ative measure. Long survival times are often seen in patients 
with residual or unresectable disease. In these patients, ex- 
ternal beam radiation and radioactive iodine may be of great 
value in providing long-term palliation. 
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invited Commentary 


Well-differentiated thyroid cancer that has spreac beyond the 
thyrocervical region causes death, as stated by the authors, in 
approximately 10% of patients with the disease. The authors have 
shown that reasonable salvage can be achieved when the metasta- 
ses can be surgically excised or treated with external beam irra- 
diation or ‘I. It is of some interest that relatively few patients 
were challenged with “I, which was not really given the opportu- 
nity to preve its efficacy. It must be understood tha: its maximal 
effect is net apparent for approximately 3 months, and it is reason- 
able to administer “I and after a week to use external beam 
irradiation for more immediate effect on the vascularity of the 
metastasis, while using embolization, as pointed out by the au- 
thors, in appropriate cases. Chemotherapy has not yet revealed 
significant long-term effect in this disease. I endorse the use of 
multiple therapeutic modalities. 

Of some interest is the initial treatment in these patients. 
Almost half had subtotal thyroidectomy as the prime treatment, 
and 13% ef them had simultaneous node dissection. The authors do 
not specify the number of patients having ™I in their prime 
treatment module. One would be reasonably assured that in such 
patients being operated on now, total thyroidectomy 
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and radioactive iodine ablation where necessary would be prime 
and optimal treatment. 

It must be assumed that about 400 patients were treated to 
produce the 37 patients studied. Of these, approximately 200 
would have had papillary carcinoma. We are not told how many of 
those with papillary carcinoma died during the course of the study 
but, assuming that some did, the study confirms the malignancy of 
papillary carcinoma and the need for optimal treatment at presen- 
tation. It is of further interest that 22% of patients had metastases 
from Hui'thle cell lesions; it would be interesting to know if any of 
these lesions were diagnosed as benign at the time of initial 
treatment. 

The authors point out that metastases can be very late. but it 
would seem that optimal early treatment in the type of lesions 
described may be followed by even less metastatic disease. The 
results of this careful study would suggest that optimal therapy at 
the first operation in patients with differentiated thyroid carcino- 
ma is the best approach to the disease. 


THOMASS. REEVE, MB, FRACS, FACS 
Sydney, Australia 
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è Identification of the physiologic determinants of survival in 
patients with adult respiratory distress syndrome (ARDS) has 
been largely unsuccessful. We evaluated multiple physiologic 
variables over the first three reversible phases of ARDS. A step- 
wise multivariant linear regression analysis was used to identify 
correctable physiologic correlates with survival. Our goal was 
improved survival. We found that the oxygen delivery and alveo- 
lar-arterial oxygen gradient on the third day after the diagnosis of 
ARDS were the two most important correctable correlates. Both 
eventually effected the development of multiple-system organ 
failure and survival. These data provide clinical evidence that 
optimization of both the oxygen delivery and alveolar-arterial 
oxygen gradient after the onset of ARDS may allow resolution of 
ARDS, prevent additional organ dysfunction, and improve 
survival. 

(Arch Surg. 1989;124:1378-1385) 


here have been no important improvements in the high 

mortality rate of adult respiratory distress syndrome 
(ARDS) since the description by Ashbaugh and colleagues’ 
more than 20 years ago. Numerous efforts to discover the 
determinants of survival in this disease have been largely 
unsuccessful; predictors ef survival frequently have shown a 
sufficient overlap with the measured variable that mortality 
is high even when the speeifie risk factor is not present.’ 
Failure to identify determinants of survival in patients with 
ARDS has been due, with few exceptions," to the evaluation 
of data only on the day of diagnosis that ignores the natural 
history of the disease. Demling’ described four phases of 
ARDS, the first three of which are reversible. We hypothe- 
sized that to formulate better treatment goals to alter the 
course of ARDS, it was important to study the potential 
determinants of survival curing the reversible phases of the 
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disease. We chose days 1, 3, and 7 as the best time points 
representative of the first three reversible phases of ARDS. 
In addition, the most common causes of death in patients with 
ARDS are sepsis and multiple-system organ failure (MSOF) 
and not respiratory failure alone.** Therefore, in this study, 
we critically examined factors that contributed to the devel- 
opment of spsis, MSOF, and death in patients with ARDS 
who underwent surgery during the reversible phases of the 
syndrome. We then attempted to identify correctable factors 
that could petentially be manipulated to increase survival. 


PATIENTS AND METHODS 


We retrospectively reviewed 52 consecutive patients who under- 
went surgery excluding patients with burn injuries) in whom ARDS 
developed during the 3-year period from January 1985 through De- 
cember 1987 at the University of Louisville (Ky). There was not a 
defined protocol for treating patients with ARDS during the period of 
this study. Adult respiratory distress syndrome was defined by rigid 
criteria to inclade all of the following: acute respiratory failure that 
required endotracheal intubation and mechanical ventilation; a sud- 
den onset of bilateral diffuse pulmonary infiltrates on a chest roent- 
genogram ; a pulmonary capillary wedge pressure less than 18 mm 
hemoglobin (HƏ); a total dynamic pulmonary compliance less than 50 
mL/cm H,0; ar alveolar-arterial oxygen gradient (PAO,-PaO,) great- 
er than 200 mm Hb; and a Pao, /fraction of inspired oxygen ratio of 
less than 150 in the absence of underlying chronic cardiopulmonary 
disease. 

Data compiled included age, presence or absence of underlying 
chronic disease. admission diagnosis, operative findings and proce- 
dure, origin of ARDS, presence of active infection or contamination, 
presence and duration of shock, and blood and fluid requirements in 
the first 24 hours. The severity of illness was determined by the 
Injury Severity Score for Trauma Patients and Acute Physiology and 
Chronic Health Evaluation (APACHE) II score for nontrauma pa- 
tients. All physiologic and laboratory values were collected for the 
day of diagnosis of ARDS (day 1), and for postdiagnosis days 3 and 7 to 
represent the three reversible phases of ARDS. Pulmonary variables 
included arteria. blood gas, ventilator settings, dynamic compliance 
(tidal volume/peak inspiratory pressure — peak end-expiratory pres- 
sure), and PAOPaO,. Hemodynamic data included mean arterial 
pressure, cardiaz output, heart rate, total peripheral vascular resis- 


Oxygen Delivery — Cryer et al 


Table |.—Comparison of Age, ISS, and APACHE II Score 
Between Survivors and Nonsurvivors* 


Survivors Nonsurvivors 














(n) Mean + SD (n) Mean + SD 
Age, y (20) 39.3+13.2 (32) 51.5+21.4 
(17) 31.9+6.8 (15) 36.9+17.0 











(3) 9.7+4.0 (17) 13.8+5.8 


*ISS indicates Injury Severity Score APACHE, Acute Physiology and Chronic 
Health Evaluation. 


tance, pulmonary capillary wedge pressure, pulmonary vascular re- 
sistance, mean pulmonary artery pressure, and calculated oxygen 
delivery (DO,).Since multiple values were recorded for each of these 
days, the values selected for this study were obtained by determining 
the time that arterial blood gas values were most abnormal and by 
listing all ather physiologic variables recorded at that time. Patient 
weight and height were inconsistently recorded, so variables were 
not indexed to body surface area. Mixed venous oxygen saturation 
was alse inconsistently recorded, so that the pulmonary shunt frac- 
tion and oxygen consumption could not be statistically evaluated in 
this study. 

In addition, the number of nonpulmonary organ dysfunctions was 
determined by using criteria modified from previous investigators.””” 
Liver dysfunction was defined as a serum bilirubin level greater than 
3 mg/dL and/or a doubling of hepatic enzymes for 48 hours or longer. 
Renal insufficiency was defined as a serum creatinine level greater 
than 2.5 mg/dL and/or oliguria for longer than 48 hours. Gastrointes- 
tinal mucosal barrier dysfunction was defined as a gastrointestinal 
hemorrhage of more than 2 U of blood and/or abnormal endoscopic 
findings for a stress ulceration that was not associated with the 
primary diagnosis, such as a duodenal ulcer. 

Allinfeetious complications were listed, and the causes were deter- 
mined. Pneumonia was defined as having all of the following charac- 
teristics: presence of white blood cells in the sputum, presence of 
bacteria on Gram’s stain, and a cultured pathogen. Other infections 
were defined by a culture-positive source with systemic signs of 
infection. The assignment of an ARDS origin, however, was some- 
what arbitrary. If the patient showed evidence of infection within 24 
hours befere or after the ARDS diagnosis, the cause was presumed to 
be sepsis regardless of other potential risk factors." If the patient 
showed no evidence of infection but had prolonged shock (>60 min- 
utes) with multiple blood transfusions (>10) within 24 hours before 
the ARDS diagnosis, the cause was presumed to be shock and mas- 
sive resuscitation regardless of other potential risk factors, except 
aspiration. If the patient aspirated within 24 hours preceding the 
onset of ARDS, the presumed cause was aspiration. Pulmonary 
contusion was listed as the origin only when no other additional risk 
factors were present. 

Data were tabulated, and the mean and SD were determined and 
subjected to a one-way analysis of variance between survivors and 
nonsurvivors. The Pearson correlation coefficient was then deter- 
mined for each variable with survival. Data also were subjected to a 
stepwise multivariant regression analysis with the multivariant R” 
calculated for each individual variable as it entered the equation to 
quantify the magnitude of each variable’s contribution to the overall 
predictive score. This multivariant equation was utilized to create a 
predictive index, and it was tested against the patients in the study to 
compare the patient’s actual outcome with the predicted outcome 
(predictive accuracy). In addition, the mean and the 95% confidence 
interval for each continuous variable were calculated for survivors 
and nensurvivors, and x” cross-correlations were performed for non- 
continuous variables. Since MSOF was an important correlate with 
survival, a separate multivariant analysis was performed by using 
the number of organ systems that failed as the dependant variable 
rather than survival. 


RESULTS 
This study included 52 patients with ARDS; 32 (62%) died. 
Age, the Injury Severity Score (trauma patients), and the 
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Table 2.—Origin of ARDS vs Mortality* 


No. (%) 


Oe. R, 







Origin Survivors Nonsurvivors Total 
Sepsis 10 (37) 17 (63) 27 (100) 
Shock and 
massive resuscitation 4 (25) 12 (75) 16 (100) 
Aspiration 1 (25) 3 (75) 4 (100) 
Pulmonary contusion 5 = 0 (0) 5 = 
Total 20 ( a2 ( -) 52 ( 








*ARDS indicates adult respiratory distress syndrome. 


APACHE II score (nontrauma patients) were eomputed be- 
tween survivors and nonsurvivors (Table 1). While 4ge was 
not statistically significant between survivors and nonsurvi- 
vors, all 13 patients aged older than 65 years died. The origin 
of ARDS is correlated with survival in Table 2. Mortality was 
high with all causes, except pulmonary contusion. Physiologic 
variables (mean+SD) for survivors and nonsurvivors are 
listed for days 1, 3, and 7 after the diagnosis of ARDS in Table 
3. There were considerable variability and overlap between 
survivors and nonsurvivors, so that statistical significance 
was reached only for the day 1 cardiac output, the day 3 
oxygen delivery, and the day 3 PAo,-Pao,. These data indicate 
that multiple factors must be involved in determining mortal- 
ity in patients with ARDS. Therefore, we supjected these 
data to a multivariant linear regression analysis. The cause of 
death was hypoxia in 5 patients (16%), disease unrelated to 
ARDS in 6 patients (19%), and sepsis and MSOF in the 
remaining 21 patients (66%). Correlates witk survival and 
mortality from ARDS were identified through a multivariant 
analysis that was performed after excluding -he 6 patients 
who died of an underlying disease that was aot related to 
ARDS. The causes of death in the excluded patients were as 
follows: terminal liver failure in a cirrhotic patient with a 
Child’s C classification, a massive pulmonary embolus after 
recovery from ARDS, a severe head injury ir 2 trauma pa- 
tients, cardiogenic shock after a myocardial infarction, and an 
uncorrected dead bowel in a patient with superior mesenteric 
artery occlusion. 

A stepwise multivariant linear regression aralysis selected 
five variables that independently correlated with survival 
and that jointly accounted for 67% of the variability between 
survivors and nonsurvivors (Table 4). The mean and 95% 
confidence intervals for each of these continaous variables 
were tabulated (Table 5) for both patients whe lived or died. 
Cross-correlation between the admitting diagnosis and sur- 
vival also was recorded (Table 6). The most important corre- 
late with survival was Do, on the third day (day 3 Do,) 
following the ARDS diagnosis. The critical level of day 3 Do, 
below which all patients died was 740 mL of oxygen per 
minute. The presence of disseminated intravascular coagula- 
tion was one variable that had a significant cerrelation with 
survival but did not contribute to the multivariant equation. 
Important variables that did not correlate wita survival were 
the Injury Severity Score, APACHE II score, age, number of 
blood transfusions, mean arterial pressure, dynamic compli- 
ance, mean pulmonary artery pressure, pulmonary vascular 
resistance, pulmonary capillary wedge pressare, and devel- 
opment of infection. 

An interesting finding in this study concerned the changes 
in the physiologic variables that occurred during the first 7 
days after the ARDS diagnosis. Three physivlogic variables 
significantly correlated with survival at some point during 
these 7 days (Do,, PAO,-Pao,, and cardiac output). The corre- 
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lation coefficients of each of these variables with survival for 
days 1, 3, and 7 were tabulated (Table 7). The correlation with 
survival for each of these variables was significant (P<.05) 
only on day 3 after the ARDS diagnosis. 

Since the majority of patients died of sepsis and MSOF, we 
also performed a stepwise multivariant linear regression 
analysis to identify independent correlates with the number 
of organ systems that failed. Nine patients were omitted from 


this analysis because they died early (after less than 5 days) 
and did rot live long enough for MSOF to develop.” Five of 
these patients died of hypoxia, two died of a severe head 
injury, or= died of a myocardial infarction, and one died of an 
uncorrected dead bowel. The multivariant analysis of the 43 
remaining patients selected four variables that independently 
correlated with the number of organ systems that failed and 
jointly accounted for 46% (multivariant R’) of the variability 


Table 3.—Comparison of Physiologic Variables Between Survivors and Nonsurvivors on Days 1, 3, and 7 of ARDS* 


(n) Mean + SD 


Day 1 


Variable 
MAP, mm Hb 


Nonsurvivors 
(32) 82 +13 
(30) 54+2.9f 
(30) 1187 +662 
(30) 12.2+4.2 
(30) 28.5+7.2 
(30) 328 +216 
(30) 644 +317 


(20) 86+9 
(18) 6.7+1.6 
(18) 1000 + 443 
(18) 12.8 +3.3 
(18) 28.1+5.1 
(18) 216+ 160 
(18) 805+ 147 


TPR, dyne/s/cm® 
PWP, mm Hb 
MPAP, mm Hb 
PVR, dyne/s/cm® 
Do., mL/min 


(20) 86+11 
(20) 7.3+1.8 
(20) 973+393 
(20) 12.5+2.1 
(20) 31.1+3.9 
(20) 176+ 40 
(20) 958+ 206 


Day 3 


Nonsurvivors 
(29) 78+16 
(29) 6.2+2.1 
(29) 1020+ 381 
(29) 14.0+5.9 
(29) 31.5+8.9 
(29) 232+128 
(29) 685 + 259+ 


Day 7 


Pees eR L a CE 
Survivors Nonsurvivors 
(20) 83+12 (24) 70+21 
(6) 7.0+1.4 (11) 6.4+2.4 
(6) 937+ 426 (11) 788+ 352 
(6) 17.7+2.5 (11) 15.5+4.8 
(6) 32.3+7.6 (11) 28.5+11.7 
(6) 168+ 144 (11) 256+ 48 
(6) 1038+173 (11) 790+301+ 


Hb, g/L (20) 105+ 16 (32) 105+20 (20) 100+9 (29) 104+ 16 (20) 101+0 (24) 104+16 


Sao., % 

PIP, cm H,O 

Pao,-Pao., mm Hb 
Compliance, mL/cm H,O 
PEEP, cm H.O 


(20) 92+7 
(20) 43+10 
(20) 387+116 
(20) 23.8+10 
(20) 6.6+3.6 


(32) 90+6 
(32) 47+12 
(32) 466+ 141 
(32) 21.9+8.3 
(32) 6.0+2.4 


(20) 94+2 
(20) 43+11 
(20) 245+89 
(20) 22.8+12.0 
(20) 9.1+4.8 





(29) 90+8 

(29) 51+16 
(29) 405+ 149f 
129) 24.1+12.0 
*29) 10.5+5.7 


(20) 94+5 
(20) 43+14 
(20) 252+92 
(20) 27.1+9.2 
(20) 7.2+4.2 


(24) 93+5 

(24) 48+12 
(24) 318+ 161 
(24) 23.9+10.1 
(24) 10.0+6.0 


*(n) indicates number of patients with specific variable measured on specific day; ARDS, adult =spiratory distress syndrome; MAP, mean arterial pressure; CO, 
cardiac output; TPR, total peripheral resistance; PWP, pulmonary wedge pressure; MPAP, mean pulmonary artery pressure; PVR, pulmonary vascular resistance; 
Do., oxygen delivery; Hb, hemoglobin concentration; Sao., arterial oxygen saturation; PIP, peak i-spiratory pressure; Pao-Pao., alveolar-arterial oxygen gradient; 
compliance, dynamic pulmonary compliance; Hb, hemoglobin; and PEEP, positive end-expiratory pressure. 


+P<.05 between survivors and nonsurvivors. 
Not significant. 


Table 4.—Stepwise Multivariant Linear Regression Analysis Correlates With Survival in Patients With ARDS* 


Cumulative 
Multivariant 
Variable R? R? 


Day 3 Do, 

MSOF 

Day 1 CO 

Day 1 Pao,-Pao, 
Admitting diagnosis 


Change in 
Multivariant 





individual 
Variable 

Correlation 

Coefficient 


Individual 
Variable 
P Value 


Individual 
Variable 


*ARDS indicates adult respiratory distress syndrome; Do,, oxygen delivery; MSOF, multiple—-sysæm organ failure; CO, cardiac output; and Pao,-Pao,, alveolar- 
arterial oxygen gradient. Six patient deaths from underlying disease unrelated to ARDS were excluded. Predictive accuracy for survivors was 93%. Predictive 


accuracy for nonsurvivors was 95%. Overall accuracy was 94%. 


Table 5.—Significant Variables in Survivors and Nonsurvivors 
of ARDS* 


Mean (95% Confidence Interval) 


Nonsurvivors 
644 (556-733) 
3.2 (2.8-3.6) 
7.0 (5.8-8.1) 4.6 (3.7-5.6) 
387 (325-450) 465 (409-520) 


*For explanation to specialized abbreviations, see footnote to Table 4. Six 
patient deaths from underlying disease unrelated to ARDS were excluded. 


Variable Survivo 
958 (867-1048) 


1.6 (1.1-2.0) 


Day 3 Do, 
MSOF (No.) 
Day 1 CO 

Day 1 Pao,-Pao, 
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Tab 6.—Cross-Tabulation of Admitting Diagnosis 
With Survival in Patients With ARDS* 


No. (%) 


Nontrauma 
Trauma Sepsis Pancreatitis Hemorrhage Total 


Survivors 17 (59) 2 (22) 1 (33) 0 (0) 20 (44) 
Nonsurvivors 12 (41) 7 (78) 2 (67) 5 (100) 26 (56) 


Total 29 (63) 9 (20) 3 (7) 5 (10) 46 (100) 


*ARDS indicates adult respiratory distress syndrome. Six patient deaths 
from underlying disease unrelated to ARDS were excluded. x’?=7.484; b 
correlation coef cient: $? = .16; and P = .02. 
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in the number of organ systems that failed (Table 8). Again, 
the most important variable was day 3 Do,. The mean and 95% 
confidence interval of each continuous variable in each organ 
system failure category (Table 9) and the relationship be- 
tween the cause of ARDS and the number of organ systems 
that failed (Table 10) were tabulated. 

An important variable that did not correlate with the num- 
ber of additional organ dysfunctions was infection. This was 
because all patients with a nonseptic cause of ARDS either 
died early of their underlying disease or an infection devel- 
oped (usually pneumonia). Furthermore, treatment of the 
infection had little influence on the development of additional 


Table 7.—Comparison of Correlation Coefficients With 
Survival of Significant Physiologic Variables on Days 1, 3, 
and 7 of ARDS* 





*For explanation of specialized abbreviations, see footnote to Table 4. 
tP<.05. 


organ system dysfunctions, since additional organ system 
dysfunctions developed in 22 of 25 patients whose ARDS 
cause was sepsis despite operative drainage or antibiotic 
treatment of the infecting focus. 

The only two variables selected in the multivariant analysis 
of MSOF that could be potentially manipulated in the clinical 
setting were day 3 Do, and day 3 PAo,-Pao,. Each individual 
patient value was plotted for each of these variables according 
to the degree of MSOF (Figs 1 and 2). Since MSOF was the 
primary cause of death in the majority of patients in our 
study, we also determined the relationship between day 3 Do, 
and day 3 PAo,-Pao, on survival in a cross-correlation plot (Fig 
3). It was evident from this plot, including all day 3 data 
(n= 46), that these two variables were interdependently re- 
lated to survival. If day 3 Do, was greater than 740 mL of 
oxygen per minute and day 3 PAO,-Pao, was less than 350 mm 
Hb (quadrant 1, Fig 3), then only 2 (10%) of 21 patients died. 
On the other hand, if day 3 PAo,-PaO, was greater than 350 
mm Hb and day 3 Do, was greater than 740 mL of oxygen per 
minute (quadrant 2, Fig 3), then 6 (86%) of 7 patients died. If 
day 3 Do, was less than 740 mL of oxygen per minute (quad- 
rants 3 and 4, Fig 3), then all patients (18 of 18) died regardless 
of day 3 Pao,-Pao,. The multivariant linear regression R* for 
survival was .42, when only these two correctable factors 
were included in the equation, to indicate that they jointly 
account for 42% of the variability between survivors and 
nonsurvivors. 


Table 8.— Stepwise Multivariant Linear Regression Analysis of Variables Correlating With Number of Organ Systems That Failed in 
Patients With ARDS* 


Cumulative 
is eae 


Change in 
5 hs ada 


Day 3 Dc. 30261 
Origin of ARDS .0879 


Individual 
Variable 
Correlation 
Coefficient 

— 5640 3181 


+ .3309 1085 


Individual 
neo 


Individual 
Variable 
P Value 


re 3 Pao,-Pao, + .3958 


46200 .0216 





+ .3380 .1142 0266 


*For Sie of specialized abbreviations, see footnote to Table 4. Nine patient deaths that occurred less than 5 days after the ARDS diagnosis were 
excluded. Predictive accuracy for one organ system failure was 83%. Predictive accuracy for two organ systems failures was 52%. Predictive accuracy for three or 


more organ systems failures was 86%. Total predictive accuracy was 67%. 








No. of Organ 
Systems Tam Failed Day 3 Do,, mL min 
977 (840-1115) 

865 (744-987) 


625 (508-743) 





Table 9.— Significant Variables Correlating With Number of Organ Systems That Failed in Patients With ARDS* 





Mean Panna o a o o UO a a S Confidence Interval) 


Day 3 Pao,-Pao,, mm Hb Age, y 
250 (167-332) 39 (27-50) 
283 (210-356) 47 (37-57) 


405 (337-474) 54 (46-63) 


*For explanation of specialized abbreviations, see footnote to Table 4. Nine early deaths were excluded. 


Table 10.—Cross-Tabulation of Origin of ARDS With Number of Organ Systems That Failed 


No. of Organ 
ene That Failed 


Pulmonary 
Contusion 


No. (%) 


Shock and Massive 
Resuscitation 


Aspiration 


3 (60) 5 (50) 0 (0) 3 (12) 11 Tai 


2 (40) 


2 (20) 
0 (0) 3 (30) 
5 (12) 10 (23) 





2 (67) 8 (32) 
1 (33) 14 (56) 
3 (7) 25 (58) 


14 (33) 
18 (42) 
43 (100) 


*ARDS indicates adult respiratory distress syndrome. Nine early deaths were excluded. x? = 12.54; ẹ correlation coefficient: b? = .13; and P = .05. 
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Fig 1.—Plot of individual patient day 3 oxygen delivery (DO,) data for 
each multiple—system organ failure category. The number of organ 


systems that failed = 1, 2, or 3+. Bars indicate mean + SD; circles, 
survivors; and triangles, nonsurvivors. 
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Day 3 Pao,-Pao,, mm Hb 
Fig 3.—Cross-correlation plot of day 3 oxygen delivery (DO,) and day 3 
PAO,-Pao, for survivors (circles) and nonsurvivors (triangles), includ- 
ing all patients. Six patients, for whom day 3 DO, data were not 
available, have PAO,-Pao, plotted along the x-axis. Hb indicates 
hemoglobin. 


Since Do, is calculated from hemoglobin concentrations, 
arterial oxygen saturation, and cardiac output, we evaluated 
the correlation of each of these individual variables with 
survival. The mean+SD hemoglobin concentration was 
105+16 on day 1, 100+9 on day 3, and 101+8 on day 7 in 
survivors, and it was 105 + 20 on day 1, 104+ 16 on day 3, and 
104 + 16 on day 7 in nonsurvivors and obviously did not corre- 
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Fig 2.—Poot of individual patient day 3 PAO,-Pao, for each multiple- 
—system organ failure category. The number of organ systems that 
failed = 1, 2, or 3+ . Bars indicate mean + SD; circles, survivors; trian- 
gles, nonsurvivors; and Hb, hemoglobin. 
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Fig 4.—Piot of individual patient cardiac output for survivors (circles) 


and nonsurvivors (triangles) on days 1, 3, and 7. Bars indicate 
mean + SD. 


late with survival. Individual values for arterial oxygen satu- 
ration and cardiac output for days 1, 3, and 7 for survivors and 
nonsurv.vors are plotted in Figs 4 and 5. There were consider- 
able var-ability and overlap in these variables between survi- 
vors and nonsurvivors. On the other hand, day 3 Do, showed a 
clear separation between survivors and nonsurvivors with a 
minimal overlap (Fig 3). When the factors that contributed to 
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Fig 5.—Plot of individual patient arterial oxygen saturation for survi- 


vors (circles) and nonsurvivors (triangles) on days 1, 3, and 7. Bars 
indicate mean + SD. 


a day 3 De, less than 750 mL of oxygen per minute were 
analyzed, we found that a low cardiac output (<5 L/min) was 
primarily responsible in 12 patients, a low arterial oxygen 
saturation (<90%) hemoglobin was responsible in 8 patients, 
and a combination of a minimally decreased cardiac output 
and arterial oxygen saturation and/or hemoglobin concentra- 
tion was responsible in 12 patients. 


COMMENT 


The high mortality rate (62%) and the causes of death in our 
study were similar to those described in other recent re- 
ports’ and emphasized that the primary cause of death from 
ARDS has shifted from pulmonary failure to sepsis and 
MSOF during the last 20 years’ even though overall mortality 
has not changed. 

The first important finding in this study was that the phys- 
iologic variables that individually correlated with survival 
were significant (P<.05) on day 3 of ARDS but not on days 1 
or 7. Furthermore, the three physiologic variables that signif- 
icantly comrelated with survival were related to pulmonary 
function (PAO,-Pao,), cardiac function (cardiac output), and a 
combinatien of the two (Do,). The physiologic variables that 
related to structural and physical features of ARDS, such as 
dynamic complianee, mean pulmonary artery pressure, and 
pulmonary vascular resistance, changed little during the first 
7 days of ARDS in our study and were not significantly 
different between survivors and nonsurvivors. These find- 
ings paralleled the histologic changes during the first three 
phases of ARDS reported by Demling.’ They are also consis- 
tent with the time course of the increase in protein permeabil- 
ity in patients with ARDS” that demonstrated a peak in 
permeability at 12 hours, a decrease by day 3, and a return to 
normal by day 7. This suggested that the pulmonary lesion 
itself was fairly uniform during the first 7 days and was not 
related to survival, except when pulmonary destruction was 
extreme. On the other hand, from a functional point of view, 
the factors that determined Do, (cardiac output and oxygen- 
ation) were dynamic during the first week and may be impor- 
tant determinants of survival during the reversible phases of 
ARDS. 

The purpose of this study was not simply to derive a predic- 
tive equation of survival for patients with ARDS but to 
identify petentially correctable factors that could be manipu- 
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lated toward improved survival. The two most important 
factors that correlated with survival in our study were day 3 
Do, and the number of organ systems that failed (the degree of 
MSOF), Since MSOF is an outcome rather than a physiologic 
variable, we also performed a multivariant analysis to deter- 
mine correlates with the number of additional organ system 
dysfunctions that occurred in this series of patients with 
ARDS. 

The two correctable factors that independently correlated 
with the number of additional organ system dysfunctions 
were day 3 Do, and day 3 PAo,-Pao, . Interestingly, day 3 Do, 
correlated with the number of additional organ system dys- 
functions but infection did not. Therefore, it would appear 
that increasing the Do, can potentially prevent the develop- 
ment of additional organ system dysfunctions in patients with 
established ARDS even in the face of infection. We further 
noted that treatment of the infection in these patients did not 
prevent the development of additional organ system failures. 
This finding is in agreement with that of Seidenfeld and 
coworkers” who concluded that host factors are more impor- 
tant determinants of outcome in patients with ARDS than the 
presence of serious infections, the responsible organism, the 
site of infection, or the treatment given. Our data suggest that 
early optimization of Do, may be one correctable host factor 
that could prevent the development of additional organ sys- 
tem dysfunction and improve survival. 

It was not surprising that day 3 Do, and day 3 Pao,-Pao, 
became the prime correlates with survival when MSOF was 
omitted from the equation since day 3 Do, and day 3 Pao,-Pao, 
are the primary correctable correlates with the degree of 
MSOF, and day 3 Do, and the degree of MSOF are the primary 
correlates with survival. Even when patients, who died of 
underlying disease unrelated to ARDS, were included in the 
calculations, these two correctable factors alone accounted for 
42% of the total variability between survivors and nensurvi- 
vors. The analysis of the individual patient data in Fig 3 
demonstrates that it was important for both Do, and PAo,- 
Pao, toi improve toa critical level by day 3 of ARDS for patients 
to survive. 

Therefore, the most important finding in this study is that 
the Do, and PAo,-Pao, correlate with survival on day 3 of 
ARDS, and both can be clinically manipulated. Currently, 
optimization of PAO,-Pao, is the primary goal in the manage- 
ment of patients with ARDS, but no appreciable effect on 
mortality has been achieved. This study demonstrates that 
optimization of Do,, in addition to PAO,-Pao,, may allow the 
resolution of ARDS, prevent MSOF, and improve survival. 
Two previous studies have attempted to correlate physiologic 
variables over time with survival in patients with ARDS. 
Hankeln and associates‘ found that the cardiac index, Do,, and 
oxygen consumption were significantly different between 
survivors and nonsurvivors when comparing the terminal 
values of nonsurvivors with the last measured values of survi- 
vors. These time points reflected the end stage of ARDS and 
are not comparable with the current study. Shoemaker and 
Appel’ also studied the temporal sequence of physiologic 
events in patients in whom ARDS developed for 48 hours 
before and after ARDS was diagnosed. These authors concen- 
trated primarily on events before the ARDS diagnosis, but 
data presented in that study was consistent with our data, 
showing a significantly lower Do, in nonsurvivors than survi- 
vors 48 hours after diagnosis. 

Our finding that Do, is an important correlate with survival 
is consistent with data reported by Dorinsky and coauthors” 
who demonstrated a linear relationship between Do, and 
oxygen consumption in patients with ARDS. The overall 
implication suggested that ARDS was the pulmonary mani- 
festation of a systemic insult in which the substrate maldistri- 
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bution (oxygen consumption/Do, mismatch) could eventually 
lead to tissue damage in multiple organs. Our data that indi- 
cated that Do, is a prime correlate with the degree of MSOF in 
patients with ARDS are consistent with this concept, and 
suggest that increasing the Do, to some optimal level could 
possibly overcome the substrate maldistribution, prevent se- 
quential organ dysfunction, and improve survival in patients 
with ARDS, provided that it is accomplished within the first 
few days of the diagnosis. The concept of optimizing Do, to 
achieve maximal oxygen consumption is generally accepted as 
the best end point for resuscitation of patients from hemor- 
rhagic shock and operative stress"; however, this idea has 
not been specifically evaluated for patients with ARDS.* 
Shoemaker and Appel” have provided clinical evidence that 
suggests that maintaining Do, at an optimal level is important 
in preventing ARDS. Our observations provide clinical data 
that suggest that Do, at optimal levels also may be beneficial 
once ARDS has occurred. 

It is important to emphasize that our study identified day 3 
Do, and day 3 PAoO,-Pao, as factors that jointly correlate with 
survival in a retrospective study of patients with ARDS. This 
study was undertaken to identify the physiologic correlates 
with survival. It does not prove that these factors are determi- 
nants of survival. However, our data support the hypothesis 


that optimization of both Do, and PAo,-Pao, during the revers- 
ible phases of ARDS can potentially allow the reversal of 
ARDS, prevent additional organ failure even in the face of 
infection, and improve survival. Based on the 95% confidence 
limits, our data suggest that the optimal therapeutic goal for 
day 3 Do, is 1000 mL/min and for day 3 PAo,-Pao, is less than 
350 mm Hg. The concept of designing therapy to mimic survi- 
vor patterns has been successful in recent years, and our data 
provide evidence that prospective testing of this hypothesis 
may improve survival in patients with ARDS in the future. 
Currently, the primary clinical goal in managing patients with 
ARDS is to minimize PAo,-Pao, by determining the level of 
positive end-expiratory pressure that optimizes static pulmo- 
nary compliance, functional residual capacity, PAo,-Pao,, and 
Pco, without decreasing cardiac output and the frequent 
changes in patient position. Optimization of Do, requires 
maximizing arterial oxygen saturation and increasing cardiac 
output with optimization of preload, inotropic support and, 
occasionally, afterload reduction. At this time, the optimal 
end point for cardiac output should be that which maximizes 
oxygen consumption. It also may be advisable to increase the 
hemoglobin concentration to 13 to 14 g/dL in patients whose 
Do, remains low despite maximizing arterial oxygen satura- 
tion and cardiac output. 
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Discussion 


FRANK B. CERRA, MD, Minneapolis, Minn: I would have preferred 
to see these data on a circle. Be that as it may, it is really becoming 
apparent that the standard severity indexes are really not too helpful 
to us in predicting survival or complications in patients in the inten- 
sive care unit who undergo surgery. This probably relates to two 
phenomena: (1) the patients, as we get them in the intensive care unit, 
have been resuscitated, so that the primary indexes of the severity 
indexing already have been manipulated; and (2) as pointed out by the 
present study, the initial shock resuscitation injury does not unfold 
itself into clinically manifested alterations for several days. 

The problem then is that we need a time course evaluation statis- 
tic to identify and take these factors into predicting outcome. This 
was indeed an attempt in this study, and it achieved a degree of 
success. 

There was an additional constraint implied in the study that poses a 
question to the authors, and that constraint is that the variables that 
had outcome import that were chosen also seemed to be clinically 
manipulable, which is a worthy outcome. 

The model chosen was a retrospective review. I thought that the 
criteria were excellent. There is one problem in evaluating the organ 
failure data, ie, by using these criteria of ARDS and by using ARDS 
as an entrance right into the study, about 25% of the patients who will 
get organ failure syndrome are eliminated from the study; this is a 
problem that may have affected the correlations in the organ failure 
analysis. 
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The data analysis that was used, ie, the stepwise multivariant 
regression, is important, and time was a forced variable that I think is 
important. 

The strengths of the study are (1) rigidly defined criteria; (2) good 
disease de‘initions; (3) good data collection; (4) quality data analysis; 
and perhaps the most important, (5) the conclusions support my own 
biases. 

The weasnesses of the study include a need for covariance analysis, 
a need for discriminate function analysis, and prospective testing of 
the predictive model. 

The major outcome variable that accounted for 60% to 70% of the 
variance im both ARDS and MSOF analysis was Do,. The other 
variables, classified as independent, only picked up small amounts of 
variance. Cardiac output was one of these, and it is a prime determi- 
nant of Dd, and, therefore, a covariable and not necessarily an 
independent variable as there are ways to compensate for it in Do,. 
The PAO,-?a0, presents a couple of other problems. It is a quasi- 
independent variable in that its importance is in determining the 
arterial oxygen tension. However, the arterial oxygen tension is a 
manipulated variable. We usually consciously manipulate ventila- 
tors, inspired oxygen concentrations, and continuous or intermittent 
distending pressures to maintain some level of PO, that we think is 
important. Therefore, the PAO,-PaO, probably also has a significant 
covariance and is not a truly independent variable. A third variable 
that is trul” independent is the disease process. In the case of sepsis in 
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organ failure, the importance of this is pointed out in that Do, in a 
septic ideology accounts for about 80% of the accountable variance. 

The data also clarify another criteria for predictive indexes. These 
indexes cannot rely solely on single physiologic variables or combina- 
tions of covariables, such as blood pressure, temperature, and pulse 
rate. Rather, they need to take into account metabolic variables and 
probably immune function variables over time. This approach has 
been recentiy confirmed in another study that predicted outcome 
from organ failure by using such things as the PIO-2, F'10, lactate and 
phenylalanine values, and other metabolic variables. 

There are three general conclusions of the study: 

(1) Patients with ARDS do not die of their ARDS; they die of organ 
failure—implying a systemic disease, at least as we see it in patients 
who undergo surgery. (2) The primary clinical risk setting for organ 
failure involve a perfusion deficit and infection. (3) Oxygen delivery is 
a major determinant of outcome and fortunately is manipulatable. 

I have the following three questions: (1) Was there active manipula- 
tion of cardiac output consumption or arterial oxygen tension by some 
a priori algorithm at the bedside? (2) Are the authors going to test this 
concept prospectively? I am curious what the design would be, and 
getting at the question of those patients with a low Do, can the 
authors get them up to a level so that they essentially eliminate flow- 
dependent exygen consumption? (3) What are the implications of 
these findings for early invasive monitoring and resuscitation, and 
what criteria will the authors use for the application of invasive 
monitoring in their clinical practice?. 

GEORGE W. MACHIEDO, MD, Newark, NJ: I think this investiga- 
tion is interesting and exciting to study, both in terms of getting us 
some markers of severity and also in terms of planning treatment. I 
would like ta follow up on a couple of Dr Cerra’s points. 

First, in terms of the Do, being the combination of arterial content 
and cardiac eutput, could the auhtors give us some definition of what 
those two variables were in the survivors and nonsurvivors, so that 
we can see if it was a problem in pump function or in oxygenation? 

Second, in treating these patients, they were obviously placed on 
positive end-expiratory pressure. How much positive end-expiratory 
pressure did'the authors use, and did that have an adverse effect on 
the cardiac output that would then link PAO,-Pao, and the Do,? 

PHILIP S. BARIE, MD, New York, NY: My question echoes the 
question of the first two discussants. I am also somewhat concerned 
about the use of Do, since my conception is that Do, is just the way in 
which we support oxygen consumption in these patients. 

In particular in patients with ARDS, there has been a body of 
evidence to suggest that the normal relationships between Do, and 
oxygen consumption is deranged, because of white blood cell sludging 
in the microeirculation or even perhaps because of the red blood cell 
deformity that we have heard about previously. 
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Have the authors validated their Do, declining data with the 
oxygen consumption? 

THOMAS K. HUNT, MD, San Francisco, Calif: What would happen 
to the authors’ index if they were to index some of the variables? Have 
they corrected it for the hematocrit, for instance? I do not know what 
you would call that index, but if you corrected it for the hematocrit or 
took the hematocrit out of it, would the relationship still remain? If it 
did, the emphasis of therapy would then shift to the PAO,-Pao, and the 
arterial oxygen tension. 

MICHAEL A. WEST, MD, St Louis, Mo: My interpretation of the 
data is that the authors are implying that because the Do, was low, 
organ failure then developed in the patients; whereas, if the DO, was 
manipulated, then organ failure would not have developed in the 
patients. I wonder, echoing Dr Cerra’s comment, how can the authors 
go about testing this? It seems to me that what they have done is 
identified the patients who are really sick on the third day and who are 
destined to die. 

Within this subgroup who are at risk from the authors’ evaluation, 
can they show that manipulating Do, prevents their ultimate devel- 
opment of organ failure? 

DR CRYER: We did not actively manipulate DO, during the time 
course of the study. The end points for resuscitation were cardiac 
output, mean arterial pressure, urine output, and heart rate, and the 
end points for ventilator management were arterial oxygen tension 
and saturation. The purpose of this analysis was to try to identify 
things that we could do differently to improve the outcome in our 
patients with ARDS. It will be difficult to design a prespective 
randomized study to test the effect of optimizing Do,. One group of 
patients would essentially be untreated. 

However, we have begun to test this hypothesis by vigorously 
attempting to maintain Do, at around a 1000 mL/min in all of our 
current patients with ARDS. We will compare the outcome with the 
outcome found in this study. I have not been abie to design a prospec- 
tive randomized trial that I think would be fair to the patient. 

We believe that our data support a more aggressive use of invasive 
monitoring in all patients with ARDS, which is in keeping with the 
findings of Shoemaker, Siegel, Cerra, Demling, and others who have 
advocated a more vigorous use of invasive monitoring in critically ill 
or injured patients. Most of the remaining questions concerned 
whether the individual factors that made Do, correlated with out- 
come. Yes, they do, but it was variable between patients. Oxygen 
delivery turned out to be the most important variable. Oxygen deliv- 
ery was decreased because of a low cardiac output in approximately 
one third of patients, because of a low oxygen saturation in another 
third, and from a combination of factors in the remaining third. Few 
patients had a hemoglobin concentration of less than 10, which is 
where we like to keep it. 
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The Incidence of Decreased Red Blood Cell 
Deformability in Sepsis and the Association 


With Oxygen Free Radical Damage and 


Multiple-System Organ Failure 


George W. Machiedo, MD; Richard J. Powell, MD; Benjamin F. Rush, Jr, MD; Norbert I. Swislocki, PhD; George Dikdan, MS 


è We studied the incidence of decreased red blood cell defor- 
mability (RBCD) in sepsis and the association between de- 
creased RBCD and oxygen free radical generation (as measured 
by malonyldialdehyde) and the occurrence of multiple-system 
organ failure (MSOF). Patients were divided into three groups: 
septic (n = 28), nonseptic (n = 15), and control (n= 5). Serial mea- 
surements of deformability index, malonyidialdehyde, and MSOF 
were made. The deformability index for the septic group 
(0.23+0.17) was significantly less than that for the nonseptic 
(1.12+0.48) and control (1.11 + 0.25) groups. The malonyldialde- 
hyde levels for the septic group (4.5 + 1.0 nmol/mL) were signifi- 
cantly greater than those for the nonseptic (2.7 + 0.9 nmol/mL) 
and control (2.6 + 0.8 nmol/mL) groups. The MSOF index for the 
septic group (10.1 + 2.5) was significantly greater than that for the 
nonseptic (7.6 + 1.7) anc control (6.0+0.0) groups. An inverse 
correlation existed between malonyldialdehyde and deformabi- 
lity index (= .501, <.001, n=40) and between deformability index 
and MSOF index ( = .350, <.05, n = 61). We conclude that RBCD is 
decreased during human sepsis; free radicals generated during 
sepsis may play a rolein the decrease in RBCD. Decreased RBCD 
may contribute to the MSOF that occurs during sepsis. 

(Arch Surg. 1989;124:1386-1389) 


S epsis remains a ubiquitous problem in the surgical inten- 
sive care unit. We, along with others, have previously 
demonstrated that red blood cell (RBC) ceformability 
(RBCD) is decreased during sepsis.’* Decreased RBCD may 
play an etiologic role in the altered oxygen utilization, periph- 
eral arteriovenous shunting, and multiple-system organ fail- 
ure (MSOF) that characterizes the sepsis syndrome in 
patients. 

Evidence suggests that the mechanisms by which RBCD is 
decreased during sepsis are multifactorial and may be a result 
of complement activation and/or white blood cell-generated 
eicosanoids and oxygen free radicals. Hirayama et al’ and 
Davies and Goldberg* demonstrated that oxygen free radicals 
can result in erythrocyte membrane peroxidation and de- 
creased RBCD in vitro. Whether oxygen free radicals can 
damage the erythrocyte in vivo is not yet certain. We have 
been able to prevent the decreased RBCD that occurs in 
murine cecal ligation and puncture-induced sepsis by pre- 
treating the animals with the oxygen free radical scavenger 
a-tocopherol.’ This is indirect evidence that free radicals can 
decrease RBCD in vivo. 
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Organ function during sepsis is dependent on preservation 
of adequate nutrient blood flow. Several recent studies have 
demonstrated that cellular dysfunction in sepsis occurs only 
after a reduction in nutrient blood flow.’ Decreased RBCD, 
which results in abnormal capillary plasma to RBC flow rela- 
tionships and decreased microcirculatory flow, may then con- 
tribute to the organ failure that occurs during sepsis.” 

The purposes of this study were to evaluate (1) the inci- 
dence ard specificity of decreased RBCD in sepsis; (2) the 
association of decreased RBCD with oxygen free radical gen- 
eration; and (3) the association between decreased RBCD and 
the occurrence and degree of MSOF in sepsis. 


PATIENTS AND METHODS 


Forty-seven patients admitted to the surgical intensive care unit 
were entered into the study. Each patient was classified into one of 
three study groups: the septic group (n= 28), including patients with 
sepsis as described below; the nonseptic group (n=15), including 
patients without sepsis; and the control group (n=5), ie, normal 
volunteers. Four patients crossed over from the nonseptic to septic 
group during the course of the study. Data from these patients are 
included im the group in which the patient was categorized at the time 
of data acquisition. 

Patients in the septic group met the following criteria: (1) white 
blood cel! count greater than 12.0 x 10°/L; (2) temperature greater 
than or equal to 38.6°C or persistently elevated beyond 37.7°C; and (3) 
positive blood, urine, intra-abdominal, wound, or sputum cultures. 

The experimental protocol was approved by the Institutional Re- 
view Board at our institution. Informed consent was obtained from 
the patient or patient’s family before enrollment into the study. 

Samples of arterial or venous blood were drawn from each patient 
in the seotic and nonseptic groups three or four times each week 
during their surgical intensive care unit stay. Blood specimens were 
stored or ice until centrifugation at 2200 rpm for 10 minutes, after 
which 1.0 mL of plasma was aspirated into a polpropylene test tube 
containing 10 ug of indomethacin to prevent formation of malonyldial- 
dehyde (MDA) from prostaglandin endoperoxides. The buffy coat 
and resicual plasma from the remaining blood specimen were aspi- 
rated and discarded. The RBCs were washed with Ringer's phos- 
phate buffer, and RBCD was determined. 

A previously described modification’ of the technique of Reid et al” 
was used to measure RBCD. Briefly, 1.0 mL of washed RBCs diluted 
to a hematocrit of 0.10 were passed through a 4.7-um polycarbonate 
filter (Hemafil; Nucleopore, Pleasanton, Calif) at a pressure of 
—10 em H,0. A deformability index (DI) was calculated from the 
following equation: DI = (hematocrit) 60 s/t, where t is the time in 
seconds for 1.0 mL of RBCs to pass through the filter. 

The assay for MDA was based on techniques previously described 
by Buege and Aust.” Briefly, 2.0 mL of a solution of 15% trichloroace- 
tic acid, @.375% thiobarbituric acid, and 0.25N hydrochloric acid was 
added to 1.0 mL of plasma with indomethacin. The sample was then 
vortexed and placed in a boiling water bath for 15 minutes. Samples 
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Multiple-System Organ Failure Index Scoring* 


System 


Supplemental oxygen to keep 
Po, >60 mm Hg 


Increased liver function test 
values; sum of aspartate 
and alanine 
aminotransferases, =300 
U/L; alkaline phosphatase, 
=180 U/L 


Creatinine, >180 pmol/L; no 
dialysis 


Hyperdynamic/hypodynamic; 
no pressors 


Guaiac-positive stool; does not 
tolerate tubé feeding 


Normal GCS, 9-14 


(GCS, 15) 





Score 


Intubated, Fio, <0.50 Intubated, Fio, >0.50 ar 


PEEP =10 mm Hg 
Develops Childs’ C criteria; 
prothrombin time, >2 s 

above normal; 
encephalopathy 


Severe increase in liver values; 
sum of aspartate and 
alanine aminotransferases, 
=301 U/L; alkaline 
phosphatase, =181 U/L; 
develops Childs’ B criteria 


Dialysis >2/wk 


Increased creatinine; dialysis 
<1/wk or peritoneal dialysis 


Unstable on regimen of 
pressors or >10 pg of 
dopamine hydrochloride 
or dobutamine 
hydrochloride or any 
norepinephrine 
bitartrate 


Requires transfusion 
within 48 h of bleeding 


Stable on regimen of <10 pg 
of dopamine hydrochloride 
and/or dobutamine 
hydrochloride 


Moderate GI tract bleeding; no 
transfusion over 48 h 


*Fio, indicates fraction of inspired oxygen; PEEP, positive end-expiratory pressure; GI, gastrointestinal; CNS, central nervous system; and GCS, Glasgow Coma 


Scale. 


were centrifuged, and the supernatant was aspirated and read on a 
spectrophotometer at an absorbance of 535 nm. 

At the time of blood specimen collection, each patient’s chart was 
reviewed and an MSOF index score was determined. The MSOF 
index couldwrange from a low of 6 to a high of 24 (Table). 

Data are expressed as the mean+SD. Statistical analyses were 
carried outwith the use of analysis of variance and follow-up Student- 
Neuman-Keuls t test. 


RESULTS 


The mean age in the septic group was 45.2+ 14.7 years, 
compared with 43.8+21.0 years in the nonseptic group (no 
significant difference). The DI for the septic group was 
0.23+0.17. This was significantly lower than that for the 
nonseptic (1.12+0.48) and control (1.11+0.25) groups 
(P<.05) (Fig 1). Of the 28 patients in the septic group, 27 had a 
DI of lessthan 0.75, for a 96% incidence of septic patients with 
a “low” DI. One of 28 patients in the septic group had a DI 
greater than 0.75, for a false-negative rate of 3.5%. Two of 15 
patients in the nonseptic group had DIs less than 0.75, for a 
false-positive rate of 13.3%. 

The MDA levels in the septic group were 4.5+ 
1.0 nmol/mL. This was significantly higher than those in 
either the nonseptic (2.7+0.9 nmol/mL) or control (2.6+ 
0.8 nmol/mL) groups (P<.05). There was a significant inverse 
correlation between MDA level and DI (r=.51, P<.001, 
n=40) (Fig 2). 

Septic patients had a significantly higher MSOF index than 
did the nonseptic group (10.1+2.5 vs 7.6+1.7). An inverse 
correlation existed between DI and MSOF index (r=.35, 
P<.05, n= 61) (Fig 3). 

Four patients in the nonseptic group developed clinical 
sepsis and crossed over to the septic group. In each instance, 
the patient’s DI decreased 1 to 3 days before the diagnosis of 
sepsis was made. 


COMMENT 


Several recent studies have demonstrated that erythrocyte 
deformability is decreased during sepsis. Rogers et al’ re- 
ported a decrease in the deformability of saline-washed RBCs 
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MSOF and MDA 











Septic 
Fig 1.—Comparison of deformability index (DI; black bars), malonyl- 
dialdehyde (MDA; hatched bars; in nanomoles per milliliter), and 
multiple-system organ failure index (MSOF; gray bars) between sep- 
tic, nonseptic, and control groups. Asterisk indicates P<.05 vs non- 
septic and control groups. 


Nonseptic 


from septic patients compared with those from monseptic 
patients. That study, however, included a total of six pa- 
tients, with three patients in each of thenonseptic and septic 
groups. Puranapanda et al,” using a canine model, found that 
RBCD was decreased after intravenous injection of endotox- 
in. In this particular study, maintenance of normal RBCD 
after pretreatment with pentoxifylline resulted in improved 
duration of survival. However, no improvement in overall 
survival rate was noted. 

In the present study we found a 96% incidence of decreased 
RBCD during sepsis, which was associated with a specificity 
of 87% and a sensitivity of 96.4%. Decreased RBCD measure- 
ments occurred in two patients without sepsis. These low 
RBCD values occurred in association with significant pulmo- 
nary contusions. Though these patients had fever and ele- 
vated white blood cell counts, indicating ongoing mflamma- 
tion, neither patient developed positive bacterial cultures. 

It is likely that there are several different mediators that 
can contribute to the decrease in RBCD that occurs during 
sepsis. These include oxygen free radicals,** activated com- 
plement complexes,” endotoxin,” and products of leukocyte 
degranulation. “ 

Oxygen free radicals are generated by activated polymor- 
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DI 


MDA, nmol/mL 


Fig 2.— Linear regression curve comparing malonyldiaidehyde (MDA) 
levels with the deformability index (DI) (r= .51, P<.001,n= 40). 


phonuclear leukocytes during sepsis.” Whether these toxic 
oxygen moieties are generated in sufficient quantity to dam- 
age RBC membranes during sepsis is debatable. Exposure 
of erythrocytes to the in vitro oxygen free radical generating 
system of xanthine/xanthine oxidase resulted in lipid peroxi- 
dation and intracellular proteolysis‘ as well as a reduction in 
RBCD.’ The reduction in RBCD subsequent to free radical 
exposure appears to be a result of membrane-bound protein 
crosslinking. ° 

The MDA level, a marker of free radical-induced lipid 
peroxidation, is elevated during sepsis.” In the present 
study, RBCD was lowest in those patients with the highest 
levels of MDA, suggesting that increased amounts of free 
radicals were associated with lower RBCD. Considering 
RBCD decreases after exposure to free radicals in an in vitro 
model, it is reasonable to postulate that free radicals may play 
a role in decreased RBCD that occurs in vivo during sepsis as 
well. 

In our laboratory we have found indirect evidence that free 
radicals can result in decreased RBCD in an in vivo septic 
model. Pretreatment of rats with the oxygen radical scaven- 
ger a-tocopherol prevented a reduction in RBCD after cecal 
ligation and puncture. Improved RBCD was associated with 
improved organ perfusion and survival.’ 

Decreased RBCD may result in decreased microcirculatory 
flow as a result of the erythrocyte, with a normal diameter of 
7 pm, no longer being able to deform and negotiate the 
capillaries, which have an average diameter of 4.5 um. Thus, 
during sepsis, as the RBC becomes less deformable, it may 
contribute to the peripheral shunting, decreased organ perfu- 
sion, and MSOF that occurs during this syndrome. Studies by 
Townsend et al’ and Machiedo et al’ have demonstrated that 
cellular dysfunction during sepsis as measured by either cell 
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Fig 3.—Linear regression curve comparing deformability index (DI) 

with the multiple-system organ failure (MSOF) index (r= .35, P<.05, 

n=61). 
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energy charge or maintenance of intracellular electrolyte 
homeostasis does not occur until after a reduction in nutrient 
blood flow. 

The direct rheologic properties of less deformable RBCs 
were studied by Driessen et al.* Microcirculatory flow pat- 
terns similar to those of sepsis were reproduced in the cat 
mesenteric vessels by stiffening RBCs with the sulfhydryl 
oxidant diamide and reinfusing them into the animal. This 
evidence strongly suggests that decreased RBCD results in 
decreasec microcirculatory flow and decreased organ 
perfusion. 

The effects of altered RBCD on organ function have been 
examined by Sumpio et al,” who demonstrated a reduction in 
renal function in an in vitro rat kidney model. The kidney was 
perfused with RBCs that had been stiffened by heating to 
50°C. Organ function after perfusion with stiffened RBCs was 
compared with that after perfusion with unaltered RBCs. 
Decreasec organ function as measured by a reduction in 
glomerular filtration and urine flow occurred in the kidneys 
perfused with the less deformable RBCs. This study directly 
relates areduction in RBCD with reduction in organ function. 

In the present study, patients with an RBCD less than 0.75 
had a sign-ficantly higher degree of MSOF than did patients 
with normal RBCD. There was a significant correlation be- 
tween changes in RBCD and the severity of MSOF. Though 
these correlations do not substantiate a cause-and-effect rela- 
tionship between RBCD and the degree of MSOF, they do 
suggest that changes in RBCD may play an etiologic role in 
the pathogenesis or progression of MSOF during sepsis. 


References 


1. Hurd TC, Dasmahapatra KS, Rush BF, Machiedo GW. Bed blood cell 
deformability in human and experimental sepsis. Arch Surg. 1988;123:217-220. 

2. Rogers F, Dunn R, Garrett J, Merlotti G, Sheaaf C, Nolan P. Alterations 
of capillary flow during sepsis. Cire Shock. 1985;105:105-110. 

3. Hirayama T, Folmerz P, Hanssen R, et al. Effect of oxygen free radicals 
on rabbit and human erythrocytes. Scand J Thorac Cardiovase Surg. 1986; 
20:247-252. 

4. Davies KJA, Goldberg AL: Oxygen radicals stimulate intraeellular prote- 
olysis and lipid peroxidation by independent mechanisms in erythrocytes. 
J Biol Chem. 1987;262:8220-8226. 

5. Powell RJ, Machiedo GW, Rush BF, Dikdan G. The effect of alpha- 
tocopherol on red cell deformability and survival sepsis. Curr Surg. 
1989;46:381-383. 

6. Machiedo GW, Hurd T, Rush BF, Dikdan G, McGee J, Lysz T. Temporal 
relationship of hepatic cellular dysfunction and ischemia in sepsis. Arch Surg. 
1988; 123:424-427. 

7. Townsend MC, Hampton WW, Haybron DM, Schirmer WJ, Fry DE. 
Effective organ blood flow and bioenergy status in murine peritonitis. Surgery. 
1986;100:205-212. 

8. Chien S. Rheology in the microcirculation in normal and low flow states. 


1388 Arch Surg—Vol 124, December 1989 


Adv Shock Res. 1982;8:71-80. 

9. Baker CA, Wilmoth FR, Sutton ET. Reduced RBC versus plasma micro- 
vascular flow due to endotoxin. Cire Shock. 1986;20:127-139. 

10. Reid HL, Barnes AJ, Lock PJ, Dormandy JA, Dormandy TL. A simple 
method for measuring erythrocyte deformability. J Clin Pathol. 1976;29:855- 
858. 

11. Buege JA, Aust SD. Microsomal lipid peroxidation. Methods Enymol. 
1978;52:302-3 70. 

12. Puranapanda V, Hinshaw LB, O’Rear EA, Chang AC, Whitsett TL. 
Erythrocyte deformability in canine septic shock and the efficacy of pentoxifyl- 
line and a leuketriene antagonist (42536). Proc Soc Exp Biol Med. 1987;185:206- 
210. 

13. Ward PA, Till GO, Hatherill JR, Annesley TM, Kunkell RG. Systemic 
complement aetivation, lung injury, and products of lipid peroxidation. J Clin 
Invest. 1985;7€:517-527. 

14. Rasmussen H, Lake W, Allen JE. The effect of catecholamines and 
prostaglandins upon human and rat erythrocytes. Biophys Biochem Acta. 
1975;411:63-73. 

15. Flohe L. Giertz H. Endotoxins, arachidonic acid and superoxide forma- 
tion. Rev Infect Dis. 1987;9:553-561. 


Decreased RBC Deformability in Sepsis— Machiedo et al 


16. Swislocki NI, Kramer JJ, O’Connell MA, Cunningham EB. Covalent 
modification of membrane components in the regulation of erythrocyte shape. 
Ann NY Acad Sci. 1983;416:662-680. 

17. Takeda K, Shimada Y, Amano M, Sakai T, Okada T, Yoshiya I. Plasma 
lipid peroxides and alpha-tocopherol in critically ill patients. Crit Care Med. 
1984;12:957-959. 


18. Driessen G, Haest C, Heidtmann H, Schmid-Schonbeim H. Effect of 
reduced red cell ‘deformability’ on flow velocity in capillaries of rat mesentery. 
Eur J Physiol. 1980;388:75-78. 

19. Sumpio BE, Upchurch GR, Johnson G. The influence of perfusate viscos- 
ity, RBC deformability and drag on the function of an isolated perfused rat 
kidney. J Surg Res. 1989;46:4-8. 


Discussion 


LEWIS FLINT, MD, Buffalo, NY: I enjoyed the presentation by Dr 
Powell and thank him for the opportunity to review the manuscript 
and for using slides that senior citizens can read. 

These investigators have observed a change in RBCD in septic 
patients and moreover have shown that this change correlates with 
severity of sepsis and presence of abnormal serum levels of MDA, a 
byproduct oflipid peroxidation. Malonyldialdehyde may cause poly- 
merization of erythrocyte membrane proteins, giving rise to stiffen- 
ing of the REC membrane. 

These observations led this group of investigators to hypothesize 
that abnormal erythrocyte deformability contributes to the selective 
abnormalities of blood flow in the liver and other organs that these 
investigators and others have reported in experimental and clinical 
sepsis, 

Two immediate questions arise: What information is needed to 
document a correlation between erythrocyte stiffness and sepsis- 
associated defects in oxygen transport? And is this observation an- 
other marker of sepsis or is it a key to clarification of the pathophysiol- 
ogy of the sepsis syndrome? 

It is tempting to draw far-reaching conclusions and correlations 
from this set of observations. I would ask that the authors to lead us 
not into temptation until they deliver us more data. Such data might 
include the following: measurements of mean corpuscular hemoglo- 
bin, since this would directly affect both RBC stiffness and oxygen 
delivery; more information about the patients’ hematocrits, since this 
would strengthen the methods by allowing the reader to calculate for 
himself the defermability indexes; more information about the indi- 
vidual patients would likewise be helpful to understand more clearly 
about the MSOF score they used. 

Are products of complement activation attached to these RBC 
membranes’ Such products make RBCs stiff and are known to be 
elaborated in sepsis. 

What about calcium flux in these RBCs? Donald Trunkey, MD, and 
others have-documented disorders of calcium metabolism in sepsis. 
Increased intracellular calcium makes RBCs stiff. 

What do these cells look like under the microscope? 

What is the chromium 51 survival of such cells? If erythrocytes are 
not doing their job, our bodies tend to dispose of them. There is good 
evidence that the spleen detects and traps RBCs with stiffened 
membranes. 

Simchones and associates reported in 1985 that RBCs made rigid to 
a degree similar to those observed in this study, when injected into 
experimental animals, were completely cleared from the circulation 
within 1 hour. 

I enjoyed the presentation and I think these series of observations 
are stimulating and provocative. I hope that there will be more 
information forthcoming to allow us to make a judgment of the 
validity of these data with regard to its value as a marker of the sepsis 
syndrome or as a key to understanding the underlying mechanisms. 

RICHARD HOWARD, MD, Gainesville, Fla: I would like to ask the 
authors about the relationship and time between when the DI became 
elevated and the onset of sepsis. Do the cells become more or less 
deformable before the patients developed sepsis? The authors have 
this information in the patients who converted from the nonseptic to 
the septic state. 

Secondarily, with a value of .35, the correlation between the MSOF 
index and the DI had a P<.05. Are the authors really sure that was 
significant, with that low correlation coefficient? 

BASIL A. PRUITT, JR, MD, San Antonio, Tex: Since the RBCs area 
pretty efficient osmometer, can these changes be explained by either 
hypotonicity or hypertonicity, both of which alter RBCD? And to 
explore the role of these changes in pulmonary failure, did the authors 
measure either pulmonary vascular resistance or RBC transit time 
through the lung? 

RICHARD L. SIMMONS, MD, Pittsburgh, Pa: Is there any experi- 
mental model in which sepsis and also decreases in RBCD are in- 
duced? And do the RBCs that are rendered deformed in fact disap- 
pear from the circulation, so that in fact a turnover of the most rigid 
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cells is seen? 

DR GOLDFARB, Albany, NY: Do the authors have any other data to 
validate the results from the MDA assay? The reason I am asking is 
that that assay has been proposed to produce erroneous#esults —for 
instance, detecting lipid peroxides formed in the preparative steps. 
Do you have another method to verify that reactive oxygen species 
are attacking the membrane lipids other than the results of the MDA 
assay? That assay has been demonstrated to be somewhat inaccurate. 

DR PoWELL: Regarding any association between oxygen transport 
and RBCD, in the murine septic model in which we induced sepsis by 
cecal ligation and puncture, we have been able to demonstrate that 
arteriovenous oxygen difference (DAVO-2) remains normal if ani- 
mals are pretreated with an oxygen free radical scavenger. It also 
appears that there was a correlation between changes in RBCD and 
the degree of change in the DAVO-2. 

In our septic patients we also found significant correlations be- 
tween RBCD and mixed venous oxygen saturation and DAVO-2. The 
patients with abnormally low DAVO-2 values and high mixed venous 
saturations had low DIs. 

The mean corpuscular hemoglobin and mean corpuseular volumes 
in the septic patients were not significantly different from those of the 
controls. We do not believe that either hemoglobin concentration or 
cell size was a factor in determining the DI in these patients. 

In answer to the question concerning hematocrit, beeause we take 
the RBC samples, wash them, and dilute them to a fixed hematocrit of 
0.25, the hematocrits of all specimens are equal when the DI is 
measured. 

With regard to complement activation causing RBC stickiness, in 
this human experiment we really do not have the data to support 
whether or not it is the complement activation causing stickiness of 
the erythrocyte or decreased RBCD that results in a decrease in DI. 

However, in an animal model we have activated complement with 
zymosan, and by using a free radical scavenger we can block the 
decrease in deformability despite complement activateion. This im- 
plies that complement-induced RBC stickinessis not a major factor in 
the change in deformability. 

It is well known that calcium influx can activate transglutaminase 
and thus cause crosslinking of membrane-bound proteins and in 
particular the membrane-bound protein spectrin. 

In the future we plan to measure intracellular calcium with the 
Quin-2 technique. But up until this point there has been considerable 
difficulty measuring intracellular RBC calcium levels. 

In regard to Dr Howard's questions, we did have four patients in 
the nonseptic group who crossed over to the septic group. In each 
instance the RBCD decreased approximately 1 to 2 days before the 
clinical onset of sepsis. 

Most of the patients in our unit have blood cultures drawn regular- 
ly, and what typically happened was that blood cultures would be 
drawn, the RBCD would change, and 2 days later theculture would 
come back positive. 

Even though the correlation coefficient for RBCD vs MSOF index 
was low, the number of patients (61) did make the P<.005., 

In regard to Dr Pruitt’s questions, the plasma osmolarity was not 
different in the septic patients vs the nonseptic patients. No signifi- 
cant differences were noted between the two groups in the serum 
sodium level, serum chloride level, or electrolytes. 

Dr Simmons, we do have a murine model of cecal ligation and 
puncture that results in a decrease in RBCD similar to our human 
experiment here. However, it is not as dramatic. Weethink that is a 
result of the erythrocyte having qualitative differences in membrane 
lipid content as compared with the human. This has been borne out by 
previous investigators. 

Finally, to answer Dr Goldfarb’s questions, it is trae that there is 
some question about MDA being a marker of only lipid peroxidation. 
However, Takeda’s group, among others, has used it as a marker of 
lipid peroxidation. We also plan to measure conjugated diene levels, 
which are a second marker of lipid peroxidation, to support this 
portion of the study. 
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Development of a Bacteria-Independent Model 
of the Multiple Organ Failure Syndrome 


Steven Steinberg, MD; William Flynn, MD; Kathy Kelley, MD; Lon Bitzer, MD; Pramod Sharma; Cynthia Gutierrez; James Baxter, PharmD; 
David Lalka, PhD; Amy Sands, MD; Judy Van Liew, PhD; James Hassett, MD; Ray Price, PhD; Thomas Beam, MD; Lewis Flint, MD 


e Criteria that allow definition of the multiple organ failure 
syndrome include pulmonary, hepatic, renal, and gut barrier 
dysfunction along with characteristic histopathologic changes. 
It has been difficult tc study multiple organ failure due to lack of a 
satisfactory experimental model that would reproduce the patho- 
physiologic and histopathologic characteristics, would be stable 
enough to allow study over several days, and would be free of 
exogenous primary bacterial infection. We have studied patho- 
physiologic and histepathologic alterations in a potential model 
of multiple organ failure. Wistar rats received one of the following 
solutions by intraperitoneal injection: 4 mL of saline, 4 mL of 
mineral oil, or 1 mg per gram of body weight of zymosan Ain 4 mL 
of mineral oil. Animals that received zymosan developed hypox- 
ia, decreased creatinine clearance, and changes in hepatic mi- 
crosomal cytochrome P450 content and aniline hydroxylase ac- 
tivity. Bacterial translocation occurred in the zymosan group. 
The lungs, liver, and kidneys of the animals that received zymo- 
san exhibited histopathologic changes. We conclude that this 
model fulfills our criteriafor a model of multiple organ failure. 

(Arch Surg. 1989;124:1390-1395) 


ulitple organ failure (MOF) continues to be the second- 
most-common condition contributing to death in pa- 
tients in intensive care units.’ It has been estimated that 
100 000 patients in the United States die annually with this 
syndrome. Many different mediators, including macrophage 
products, complement, coagulation factors, and prostaglan- 
dins, are thought to play roles in the development and pro- 
gression of this syndrome. Some investigators have linked 
the sequence of events leading to MOF to an inflammatory 
process that has escaped localization and become systemic in 
nature.” 
- The lack of a suitable experimental model has been one of 
the largest obstacles to the study of MOF. In 1986, Goris and 
colleagues? described a rat model of MOF. This model was 
created by the intraperitoneal injection of zymosan A sus- 
pended in mineral oil. The zymosan caused a severe local 
inflammatory response, and the authors found that the ani- 
mals developed an early increase in oxygen consumption, 
increased lactate levels, fever, dyspnea, tachycardia, lethar- 
gy, leukocytosis, thrombocytosis, and histopathologic 
changes in the lung, kidney, and liver. Furthermore, they 
repeated their experiment in germ-free rats and obtained the 
same results. They concluded that this was indeed a model of 
MOF and that the development of MOF was dependent only 
on a severe inflammatory response and not on the presence of 
infection. This study was criticized because it lacked an ade- 
quate evaluation of changes in organ function. “= 
We believed that, while this report had great merit, it did 
not fulfill criteria to be a model of MOF. These criteria include 
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alterations in organ function, changes in hepatocyte metabo- 
lism, dysfunction of the gut mucosal barrier to bacteria, and 
characteristic histopathologic findings. We performed this 
set of experiments to determine whether the rat model de- 
scribed by Goris et al’ would satisfy these criteria. 


METHODS 


Four sets of experiments to evaluate renal function, cardiopulmo- 
nary function, hepatocyte metabolism, and gut bacterial transloca- 
tion were performed. During the course of these four experiments, 
tissue samples were obtained for histopathologic examination. 

All experiments were performed using Wistar rats. The rats were 
randomly assigned to one of four groups. The animals received no 
treatment or intraperitoneal! injection of one of the following solu- 
tions: 4 mL of sterile saline, 4 mL of sterile mineral oil, or 1 mg per 
gram of body weight of zymosan A suspended in 4 mL of mineral oil. 
Except fer the no treatment group, all animals received 0.9N saline 
subcutanzously equal to 0.1 mL per gram of body weight on the day of 
intraperitoneal injection and then 0.05 mL per gram of body weight 
on each subsequent day until the conclusion of the experiment. 


Renal Function Study 


Sixty Wistar rats were randomly assigned to one of the above- 
mentioned groups. They were placed in metabolic cages and had free 
access to water and standard Purina rat chow. On the day prior to 
intraperitoneal injection and then on days 1, 3, 5, and 7 after injection, 
the animals were weighed, and tail vein blood was drawn for hemato- 
crit and creatinine determinations. On those days, urine was collected 
for 12 hours and urine creatinine concentration was measured. Creat- 
inine concentrations in urine and serum were analyzed after adsorp- 
tion and esution from Lloyd's reagent using a technique described by 
Hare.’ During the period of urine collection, food was removed to 
avoid contamination of the urine. Measures of renal function that 
were evaluated included urine output, serum creatinine, and creati- 
nine clearance. The mortality rate was documented and times of 
death reccrded. 


Cardiopulmonary Study 


Thirty-six rats were randomly assigned to experimental groups as 
described above. Under general anesthesia consisting of sodium 
pentobarbital (30 mg/kg intraperitoneally) supplemented by 1% lido- 
caine hydrochloride infiltrated locally, a p50 polyvinyl chloride cathe- 
ter was placed into the common iliac artery via an extraperitoneal 
approach and was brought through a subcutaneous tunnel to exit in 
the midscapular region. The animals were placed ina jacket to protect 
the catheter when not in use. The animals were allowed to recover for 
24 hours. Arterial blood pressure, heart rate, respiratory rate, and 
arterial bleod gases were measured prior to injection and then daily 
for 5 days. The arterial catheter was flushed with 0.1 to 0.2 mL ofa 
dilute heparin solution each day after blood was drawn to maintain 
patency. Animals continued in the study until their death or the 
completion of 5 days. During that time, animals had free access to 
water and standard rat chow. 


Hepatocyte Metabolism Study 


In this experiment, 6 Wistar rats received intraperitoneal saline, 8 
received mineral oil, and 24 received zymosan. Animals that received 
zymosan were killed 1 (n=7), 5 (n=7), 10 (n=7), and 17 (n=3) days 
after injection. At the time of death, the livers were excised, rinsed 
free of blood, and processed to obtain whole-liver microsomes.” Mea- 
surements were made of liver weight, microsomal protein content, 
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Fig 1.—Serum creatinine vs time. Asterisk indicates within-group 
differences compared with baseline at P<.05 level of significance by 
paired t test. 


cytochrome P450 content, uridine diphosphate—glucuronyl transfer- 
ase activity (p-nitrophenol conjugation), and aniline hydroxylase 
activity." 


Gut Bacterial Translocation Study 


One hundred rats were randomly assigned to experimental groups 
as follows: no treatment, n = 10; saline, n = 30; mineral oil, n = 30; and 
zymosan, n=30. The no treatment animals and 10 rats each in the 
saline, mineral eil, and zymosan groups were anesthetized with an 
intramuscular injection of 0.75-mL/kg ketamine hydrochloride—xyla- 
zine hydrochioride solution on days 1, 3, and 5 after intraperitoneal 
injection. The animals were then weighed, and the abdomen was 
shaved and prepared with a povidine-iodine solution. Under sterile 
conditions, a midline incision was made, and swabs of the peritoneal 
cavity for aerobic and anaerobic culture were performed. Blood 
samples from the portal vein and hepatic vein were then obtained 
after those areas were swabbed with alcohol. Next, the mesenteric 
lymph nodes, liver, spleen, right lung, and cecum were removed and 
serially washed m sterile saline to remove any surface bacteria. These 
tissues were then homogenized in sterile grinding tubes in sterile 
phosphate-buffered saline for aerobic cultures and in prereduced 
sterile phosphate-buffered saline for anaerobic cultures. These sam- 
ples were plated out on tryptic soy agar for aerobes and prereduced, 
enriched tryptic soy agar (containing dithiothreitol and polymyxin B 
sulfate to inhibit the growth of facultative anaerobes) for anaerobes. 
Quantitative cultures of the blood samples (colony-forming units 
[CFU] per milliliter), mesenteric lymph nodes (CFU per mesenteric 
lymph node |MLN)), and cecal contents (CFU per gram) were per- 
formed. Routine cultures of the other organs on the same types of 
agar were performed, and data are presented as the percentage of 
positive cultures, with a positive culture defined as greater than 0 
CFU per plate. The aerobic plates were incubated at 37°C for 24 hours 
before reading, and the anaerobic plates were incubated at 37°C in an 
anaerobic glove box for 48 hours prior to reading. While bacterial 
identification was not performed, bacterial morphologic characteris- 
tics and Gram’s stain characteristics were noted. Tissue samples for 
histopathologic analysis were obtained from the lung, kidney, liver, 
spleen, stomach, and small bowel. 


Statistical Analysis 


The paired t test was used to determine significant changes within 
each group compared with baseline, and one-way analysis of variance 
(ANOVA) was used to detect between-group differences. Categori- 
cal data were analyzed using the ° test. Statistical significance was 
assumed at the P<.05 level. Data are represented as mean + SEM. 


á RESULTS 


Results for the renal, cardiopulmonary, hepatic, bacterial 
translocation, and histopathologic studies are below. The 
saline group has been omitted from the figures for clarity. 
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Fig 2.—Creatinine clearance per 100 g of body weight vs time. Aster- 
isk indicates within-group differences compared with baseline at 
P<.05 level of significance by paired t test; dagger, significant differ- 
ences between the zymosan group and the other groups by analysis of 
variance. 


There were no significant changes in the saline group for any 
of the measured parameters at any time point. 


Renal Function Study 


Urine output in the zymosan group was 6.5 mL/kg per hour 
at baseline and dropped to 1.9 mL/kg per hour (P<.05, paired 
t test) on day 1, 2.1 ml/kg per hour (P<.05) on day 3, 1.7 
mL/kg per hour (P<.01) on day 5, and 2.7 mL/kg per hour 
(P<.05) on day 7. This decrease in urine output ever time in 
the zymosan group was significantly different than in the 
other groups on days 1 (P<.001, ANOVA) and 3 (P<.001). 
The serum creatinine concentration (Fig 1) increased signifi- 
cantly from baseline in the zymosan group compared with the 
control groups on days 1 (P<.001, ANOVA) and 3 (P<.01). 
The serum creatinine concentration also rose significantly on 
day 1 in the mineral oil group. In the zymosan group, creati- 
nine clearance (Fig 2) declined by 50% by day 1 and remained 
depressed for the entire 7 days. There were no significant 
alterations in creatinine clearance in any of the other experi- 
mental groups. Hematocrit (Fig 3) rose significantly on day 1 
in the zymosan group but returned to baseline levels by day 3. 
There were no significant alterations in the hematocrit in any 
of the other groups. Ninety-five percent of the control group 
animals survived 7 days, while only 60% of the animals that 
received zymosan survived (P<.05, x’). All of tae zymosan 
animals that died did so in the first 48 hours after injeetion. It 
was notable that the hematocrit on day 1 in the zymosan 
animals who died within 48 hours of intraperitoneal injection 
was significantly higher than in the zymosan rats who sur- 
vived the entire 7 days (58% vs 51%, P<.05, ANOVA). It is 
possible that this hemoconcentration represents an inade- 
quate fluid resuscitation or an inability to successfully use 
fluid resuscitation in rats that died early. 


Cardiopulmonary Study 


Mean arterial pressure (Fig 4) declined significantly in the 
zymosan group on days 2 and 3 and in the mineral oil group on 
day 3 compared with baseline. Respiratory rate increased 
significantly in the zymosan, saline, and mineral oil groups 
between the first and third days; however, there were no 
differences between the groups. Arterial oxygen tension (Fig 
5) decreased significantly on days 1 and 3 in the zymosan 
group and on day 2 in the mineral oil group. There were no 
significant within- or between-group differences over the 
course of the experiment in heart rate, arterial pH, or arterial 
carbon dioxide tension. 


Multiple Organ Failure Syndrome—Steinbergetal 1391 


0.60 


—@— Control 
» Mineral Oil 
æ% Zymosan 


Hematocrit 
o 
ul 
oO 





0.40 
Baseline 1 3 5 7 


Day 
Fig 3.—Hematocrit vs time. Asterisk indicates significant (P<.05) 
within-group differences compared with baseline; dagger, significant 


differences between the zymosan group and the other groups by 
analysis of variance. 


Hepatocyte Metabolism Study 


We evaluated whole-liver microsomal protein content, cy- 
tochrome P450 content, uridine diphosphate-glucuronyl 
transferase activity, and aniline hydroxylase activity. These 
enzyme systems were examined because they play important 
roles in the hepatocyte metabolism of endogenous substances 
and commonly administered drugs. Uridine diphosphate-glu- 
curonyl transferase is not a cytochrome P450-containing en- 
zyme; aniline hydroxylase is. In the zymosan group we found 
that microsomal protein content declined from a control level 
of 29.3 + 2.4 to 18.5 + 1.6 mg per gram of liver (P<.01) on day 5 
and to 17.2+1.3 mg per gram of liver (P<.01) on day 10 before 
rebounding to 22.2+1.3 mg per gram of liver on day 17. 
Cytochrome P450 content also decreased in the animals that 
received zymosan from a baseline level of 0.53+0.04 to 
0.23 +0.2 nmol per milligram of microsomal protein (P<.01) 
on day 5 and to 0.28+0.02 nmo! per milligram of microsomal 
protein (P<.01) on day 10 prior to returning toward baseline 
on day 17 (0.46 +0.01 nmol per milligram of microsomal pro- 
tein). Uridine diphosphate—glucurony] transferase activity in 
the zymosan group dropped progressively from a baseline 
level of 33.3+5.0 to 17.0+4.7 nmol/min per milligram of 
microsomal protein on day 17, but at no time did these 
changes become significant. Aniline hydroxylase activity in- 
creased in the zymosan group from a eontrol value of 8.4 + 0.6 
to 12.9+1.2 nmol/10 min per nanomole of cytochrome P450 
(P<.01) at 5 days and 12.1 =0.5 nmol/10 min per nanomole of 
cytochrome P450 (p<0.01) at 10 days. Aniline hydroxylase 
activity returned to baseline by day 17 (8.5 + 0.4 nmol/10 min 
per nanomole of cytochrome P450). 

Bacterial Translocation Study 


In the zymosan group, quantitative aerobic cultures of 
portal venous blood (Fig 6) demonstrated 143 +66 CFU/mL 
(P<.01 compared with other groups, ANOVA) on day 1. This 
portal bacteremia fell to 1.84+1.4 CFU/mL by day 3 but 
increased to 87+52 CFU/mL on day 5 (P<.0001). There 
appeared to be a background portal bacteremia of 0 to 5 
CFU/mL in the other groups. Quantitative anaerobic cul- 
tures of portal venous blood on days 1, 3, and 5 disclosed 
bacterial concentrations of 20 + 12 CF U/mL, 0 CFU/mL, and 
13+10 CFU/mL, respectively, in the zymosan group com- 
pared with 0 to 5 CFU/mL in the other groups. Aerobic 
hepatic venous blood cultures were consistently positive in 
the zymosan group: 332 + 262 CF U/mL on day 1 (P<.05 com- 
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Fig 4.— Mean arterial pressure vs time. Asterisk indicates significant 
(P<.05) within-group differences compared with baseline; dagger, 
significant differences between groups by analysis of variance. 


190 


—@®— Control 
~- Mineral Oil 
—@— Zymosan 


30 


30 


Arterial Oxygen Tension, mm Hg 


70 





50 
Baseline 1 2 3 4 5 


Day 


Fig 5.—Arterial oxygen tension vs time. Asterisk indicates significant 
(P<.05) within-group differences compared with baseline. 


pared with other groups, ANOVA), 75 +68 CF U/mL on day 3 
(P<.05), and 125+116 CFU/mL on day 5 (P<.05). In the 
control zroups, the background aerobic hepatic venous bac- 
teremia was 0 to 1 CFU/mL. Inthe zymosan group, anaerobic 
cultures exhibited bacterial concentrations in the hepatic ve- 
nous blood of 81 +58, 0, and 15+ 15 CFU/ml on days 1, 3, and 
5, respectively. In the control groups, anaerobic hepatic ve- 
nous cultures ranged from 0 to 7 CFU/mL. In the zymosan 
group, 100% of the rats had MLNs with positive cultures for 
aerobic bacteria on day 1 (P<.0001 compared with other 
groups, x’), with 23+ 10 CFU/MLN (Fig 7). While the per- 
centage of animals with cultures from MLNs positive for 
aerobic bacteria declined to 90% on day 3 (P<.0005 compared 
with other groups, x’) and 67% on day 5 (P<.05), the number 
of orgarisms per MLN remained high. On day 3 there were 
19.7+11 CFU/MLN and on day 5 there were 83+62 
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Fig 6.—Quantitative aerobic culture of portal venous blood vs time. 
Asterisk indicates significant (P<.05) differences between groups by 
analysis of variance. 


CFU/MLN. In the control groups there was a range of 0 to 5 
CFU/MLN, with the majority being 0 to 1 CFU/MLN. The 
anaerobic cultures of MLNs in the zymosan group demon- 
strated 31=21 CFU/MLN on day 1, 0.2+.1 CFU/MLN on 
day 3, and 2+1 CFU/MLN on day 5. In the control groups, 
anaerobic bacterial concentrations ranged from 0 to 0.7 
CFU/MLN. In the zymosan group, cultures from the liver 
were positive for aerobic bacteria 50% of the time on day 1 
(P=.05 compared with the other groups, x’), 60% on day 3 
(P<.005), and 78% on day 5. The spleen was positive for 
aerobes in 80% of animals that received zymosan on day 1 
(P<.0001 compared with the other groups, x’), 70% on day 3 
(P= .06), and 56% on day 5. The control groups ranged from 
0% to 50% ef cultures positive for aerobic bacteria in both the 
liver and spleen and tended to increase their rate of positivity 
as time went on. In the zymosan group, liver cultures were 
positive feranaerobes in 50% of the rats on day 1, 10% on day 
3, and 56%on day 5; spleen cultures were positive in 40% of 
animals on day 1, 10% on day 3, and 44% on day 5. In the 
zymosan group, the peritoneal cavity was positive for aerobic 
bacteria in 60% of rats on day 1 (P<.01 compared with the 
other groups, x’), 40% on day 3 (P<.05), and 44% on day 5 
(P<.01). Only 3 of the 70 other control group rats had positive 
peritoneal cultures for aerobic bacteria. In the zymosan 
group, anaerobic bacteria were cultured out of the peritoneal 
cavity in 30% of rats on day 1, 0% on day 3, and 22% on day 5; 
anaerobes grew in cultures of the peritoneal cavity from only 
1% of control rats. There were no significant differences in the 
concentrations of aerobic bacteria or anaerobic bacteria or in 
the ratio of aerobie to anaerobic bacteria in the cecum be- 
tween any of the groups. 

Most of the organisms cultured in the zymosan animals’ 
portal and hepatic venous blood, MLNs, liver, spleen, and 
peritoneal cavity were gram-negative bacilli. There were 
occasional gram-positive cocci and gram-positive bacilli. The 
organisms cultured from the other experimental groups were 
similar. 

Histopathologic Examination 


Histopathologic examination was performed on tissue sam- 
ples fromanimals killed 1, 3, 5, and 7 days after injection. The 
abnormalities in the zymosan group tended to be worse at 7 
days. Outside of a very few mineral oil granulomas on the 
peritoneal surfaces in the mineral oil group, there were no 
significant histopathologic alterations in any of the other 
experimental groups. The intraperitoneal injection of zymo- 
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Fig 7.—Quantitative aerobic culture of mesenteric lymph nodes vs 
time. Asterisk indicates significant (P<.05) differences between 
groups by analysis of variance. 


san caused a severe peritonitis that was demonstrable on both 
gross and microscopic examination (Fig 8). None of the rats in 
the other groups demonstrated any degree of peritonitis. The 
lungs (Fig 9, left) showed hemorrhage, interstitial edema, 
atelectasis, and an inflammatory cell infiltrate. Except for 
some areas of atelectasis, the lungs appeared normal in the 
other experimental groups (Fig 9, right). In the kidneys (Fig 
10, left), tubular injury, tubular widening, hemorrhage, and 
congestion were present in the zymosan group, while there 
were no abnormalities seen in the other groups (Fig 10, right). 
The liver (Fig 11, left) also showed congestion, sinusoidal 
dilatation around the central veins, and hepatocellular vacuo- 
lization in the zymosan group, while no abnormalities were 
seen in the control groups (Fig 11, right). The small bowel 
(Fig 12, bottom) in the zymosan group showed only some 
blunting of the villi and a few nests of inflammatory cells in the 
submucosa. The small bowel was histologically normal in the 
other groups (Fig 12, top). 


COMMENT 


We have demonstrated that this rat-zymosan model meets 
our criteria for a model of MOF. We have consistently ob- 
served alteration of the function of the lungs and kidneys, 
change in hepatocyte metabolism, dysfunction of the gut as a 
barrier to bacteria, and characteristic histopathologic 
changes in the affected organs. While some of the same patho- 
physiologic changes occurred in the mineral oil group, these 
were not accompanied by any histopathologic findings. The 
model carries a 60% early mortality rate, but the surviving 
animals are stable subjects amenable to experimental 
manipulation. 

Zymosan A is an extract of the cell wall of the yeast Saccha- 
romyces cerevisiae and is known to activate complement and 
macrophages both in vivo and in vitro. It has been used 
extensively in a variety of animal models and has significantly 
different effects as the dosage and route of administration are 
varied. A dosage of 3 mg of zymosan per 100 g of body weight 
administered intraperitoneally in rats seems to improve sur- 
vival in response to a bacterial challenge.’ When zymosan- 
activated plasma is given intravenously, a clinical picture 
similar to adult respiratory distress syndrome occurs. We 
used zymosan because it is known to cause an intense inflam- 
matory response and it does so without administration of 
exogenous bacteria or modification of the normal bacterial 
flora, problems associated with other animal models of sepsis 
or bacterial translocation. Zymosan has the advantage of 
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Fig 8.—The peritoneal surface of a liver specimen from a zymosan 
group rat demonstrates severe peritonitis. 





Fig 9.—Left, The lungs from an animal that received zymosan show 
hemorrhage, interstitial edema, atelectasis, and inflammatory cell 
infiltrate. Right, A lung sample from a control group animal shows only 
some atelectasis. 





Fig 10.—Left, In a rat that received zymosan, the kidneys show 
tubular injury, tubular widening, and congestion. Right, A control group 
kidney is norma. 


allowing the study of translocation of normal gut bacteria, and 
this confirms our clinical impression that sepsis and MOF can 
be initiated in the absence of microbial infection. 

One of the more difficult lines of inquiry in MOF research 
seeks to clarify the roles of various inflammatory mediators 
and whether these mediators are causative or are simply 
associated with the development of the MOF syndrome. Nuy- 
tinck and coworkers” reported an autopsy study in which they 
concluded that a systemic activation of inflammatory media- 
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Fig 11.—Left, Liver from a zymosan group rat demonstrates sinusoi- 
dal dilatation, congestion, and hepatocellular vacuolization. Right, 
Liver from a control group animal is normal. 
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Fig 12.— Top, Small bowel from a control animal is normal. Bottom, 
Small bowel from a zymosan animal shows some blunting of villi. 


tors led to MOF. In 35 trauma patients who died, they found 
that the patients livers, spleens, lungs, and hearts were 
heavier than reported normal weights of those organs for age 
and sex. Furthermore, histologic examination demonstrated 
neutrophil infiltrates in these organs as well as hemorrhage, 
tubular njury in the kidney, and interstitial edema. Approxi- 
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mately one third of these patients died of adult respiratory 
distress syndrome or MOF. The authors hypothesize that 
adult respiratory distress syndrome and MOF may be caused 
by a generalized and massive activation of inflammatory me- 
diators. They believe that the widespread infiltration of acute 
inflammatory cells found in the organs of these trauma vic- 
tims is a marker of activation of inflammatory mediators. In 
two companion editorials, Trunkey” and Pruitt” both caution 
against accepting these concepts without corroborating evi- 
dence. Both editorials note that while the concept of “whole- 
body inflammation” is attractive, the study suffered from the 
lack of a contemporaneous control group, and control of con- 
founding variables was impossible given the heterogeneous 
nature of the study sample. Trunkey accurately observes that 
over 100 different inflammatory mediators have been pro- 
posed to contribute to MOF and that no single one is entirely 
responsibtefor the development of MOF. 

The experimental procedure described herein satisfies one 
set of criteria for the production of MOF. It is stable, repro- 
ducible, and relatively inexpensive. Our observations sug- 
gest that this model will permit detailed evaluation and ma- 
nipulation of petential mechanisms of MOF. 
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Discussion 


ROBERT A. MUSTARD, JR, MD, Toronto, Canada: This work is 
basically an elaboration of a model put forward several years ago by 
the Dutch surgeon Jan Goris et al.” Steinberg et al have basically 
asked whether the morphologic changes seen in the mode! are associ- 
ated with significant functional changes in organ systems. The au- 
thors have indeed clearly demonstrated statistically significant 
changes in the function of several organ systems. However, the basic 
question is not. addressed: What constitutes multiple system organ 
failure? If we adopt the definition that reflects the human intensive 
care unit situation, such as the definitions of acute organ failure put 
forward by Knaus in his epidemiologic studies, then clearly this model 
does not resemble the human situation. If one wants an animal model 
that clearly reflects the human intensive care unit situation, on 
practical terms, one is required to use large animals and set up a 
miniature animal intensive care unit. However, this caveat aside, as 
far as small animal models go, this is as realistic a model of multiple 
organ system dysfunction as we are likely to get. 

Having developed this model of multiple organ system dysfunc- 
tion, in what experiments do you contemplate using this model to 
elaboratetthe pathophysiologic characteristics of the disorder? 

JOHN C. MARSHALL, MD, Halifax, Canada: This may be a model of 
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a septic response occurring in the absence of infection. However, 
perhaps this is what Dr Border has called the “gut origin septic state,” 
because in this model there are bacteria present in the portal venous 
blood. 

Do the effects you describe reflect the absorption of bacteria and 
their products from the gut or the activities of zymosan itself? What 
happens if you administer the zymosan by a subcutaneous route as 
opposed to intraperitoneally? That would be interesting. 

CAROL T. WELLS, PHD, Minneapolis, Minnesota: I was intrigued 
by the percentage of contro] animals that have bacteria recovered 
from their liver and spleen. It was about 20% to 25%. Those of us who 
work with rats normally do not see this. Those peripheral organs are 
typically sterile in control animals. 

There is a possibility your colony had an intercurrent infection. 
Have you checked for this? It appears to me that what you are 
actually studying is the synergistic effect of zymosan and this inter- 
current infection. 

CHARLES T. VAN BUREN, MD, Houston, Tex: I was very inter- 
ested in the study. I would like to ask you to defend one of the 
conclusions you drew. You correlated the dysfunction in the kidney 
and the lung with the morphologic changes and yet demonstrated 
basically equivalent dysfunction with the mineral oil-injected ani- 
mals with no morphologic changes. Can you explain your condlusions? 

DR MANNICK, Boston, Mass: I would like to pursue that line of 
questioning. Do you know what the mechanism of this truly is? Did 
you activate complement? Do you have any data about that? 

ORI D. ROTSTEIN, MD, Toronto, Canada: One of the problems with 
using other animal models to examine intra-abdominal sepsis and 
organ system failure is that as soon as you treat the animals with 
antibiotics, you can reverse the organ dysfunction or the end organ 
response. If you use antibiotics in this model, in which you get about a 
60% positive infection rate in the peritoneal cavity, can you obviate 
the organ dysfunction? 

DR STEINBERG: I agree wholeheartedly with Dr Mustard’s com- 
ments about the model. All animal models have certain inherent 
weaknesses, and our model certainly does not exactly mimic the 
human condition. I believe we have demonstrated, though, that we 
have a model of either early MOF or at least multiple organ dysfunc- 
tion. We have been talking about definitions, and it may be time to 
redefine MOF. We rarely see a patient whose organ systems have all 
totally stopped working. We see patients whose organ systems either 
are not working as well as they usually do or are working in different 
ways than they normally do. We are not far off the mark. 

As for what is next, we have been very interested in looking at the 
relationship between the gut and the liver, particularly the relation- 
ship between the Kupffer cell and hepatocyte cell populations in the 
liver. Our next set of investigations will be in this area. 

Dr Marshall, we have not done any studies administering zymosan 
by any other route, so I cannot answer your question. 

Dr Wells, we also asked ourselves why we had a high rate of 
positive cultures in the liver and spleen in the control animals. Initial- 
ly, the control animals all had very low levels of positive culture, 
basically zero on day 1, and as time went on the rate of positivity of 
their liver and spleen cultures increased. I believe Dr Deitch has 
shown that stressing these animals will cause an increase in transloca- 
tion. I am not certain whether the manipulations we performed on the 
animals, which included both fluid resuscitation manipulation and 
extensiye handling, had an impact on translocation or if our animals 
had intercurrent infection. We have not investigated endemic infec- 
tion problems. The animals appeared to be totally healthy, but that 
does not rule out the problem. 

Dr Van Buren, I don’t think I ever equated morphologic character- 
istics with function. I said that changes in function and changes in 
morphologic characteristics are both necessary for this model of 
MOF, not that the two are linked. While the mineral oil group of 
animals did have changes in function, they did not demonstrate the 
other necessary ingredient, change in morphologic characteristics. 

Dr Mannick, we have just begun a series of experiments to investi- 
gate the mechanisms of occurrence of multiple organ dysfunction in 
this model. We have looked at CH-50 levels in rats and found that they 
do not change over the first couple of days after zymosan injection, 
but by day 3 or 4 they increase greatly. We do not have any evidence 
that complement is being depleted, but that does not mean that 
complement is not being activated. We have several other studies 
planned to determine that, but I do not have any data now. 

Dr Rotstein, we have not used antibiotics in this model. 
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Glutamine-Supplemented Total Parenteral 


Nutrition Improves Gut Immune Function 


David J. Burke, MD; John C. Alverdy, MD; Eric Aoys; Gerald S. Moss, MD 


è Glutamine has been demonstrated to be an important source 
of fuel for the gut. The purpose of this study was to evaluate the 
effect of glutamine-supplemented hyperalimentation on gut im- 
mune function. Thirty-six female Fischer rats were randomized 
into three groups: group 1 (chow) was fed rat chow and water ad 
libitum, group 2 (total parenteral nutrition) received a standard 
hyperalimentation formula, and group 3 (total parenteral nutri- 
tion—glutamine) received a hyperalimentation solution that con- 
tained 2% glutamine. Animals were maintained on their respec- 
tive diets for 2 weeks and then killed. Mesenteric lymph nodes 
were harvested for culture, bile was assayed for secretory IgA, 
and bowel was excised to assay bacterial adherence. Results 
indicated that glutamine-supplemented total parenteral nutrition 
protects against bacterial translocation from the gut seen with 
standard formulas. This effect may be mediated by the secretory 
IgA immune system. 

(Arch Surg. 1989;124:1396-1399) 


acterial translocation from the gut may be a causative 

factor in multiple organ failure states seen in the critical- 
ly ill patient.'” Bacterial translocation may also be the prima- 
ry event in unexplained sepsis seen in the trauma and burn 
patient. While bacterial translocation from the gut can be 
broadly viewed as an impairment in host defense, many con- 
tributing factors may precipitate its occurrence. One such 
factor may be the ubiquitous use of total parenteral nutrition 
(TPN) in critically ill patients. 

It has been well established that the prolonged use of TPN 
leads to a significant reduction in gut mucosal mass.* This gut 
atrophy has been largely viewed as an anatomic sequela to 
TPN, having no immediate physiologic or immunologic conse- 
quence. However, we recently demonstrated that standard 
formulas of TPN result in a significant decrease in the secre- 
tory IgA (S-IgA) level associated with bacterial translocation 
from the gut.*® This intestinal immunodeficiency may be due 
to the absence of nutrient-specific factors in TPN that are 
known to be trophic to the mucosal cell. One such factor may 

Accepted for publication August 22, 1989. 

From the Department of Surgery (Drs Burke and Moss and Mr Aoys) and the 
Intensive Care Unit (Dr Alverdy), Michael Reese Hospital and Medica! Center, 
Chicago, Ill, and the University of Chicago, Pritzker School of Medicine (Drs 
Burke, Alverdy, and Moss and Mr Aoys). 

Read before the Ninth Annual Meeting of the Surgical Infection Society, 
Denver, Colo, April 13, 1989. 

Reprint requests to the Intensive Care Unit, Michael Reese Hospital and 
y(n "tpt Lake Shore Drive at 31st Street, Chicago, IL 60616 (Dr 

ve 





1396 Arch Surg—Vol! 124, December 1989 


be the amino acid glutamine (GLN) that has been shown to 
restore the disuse atropħy seen with standard formulas of 
TPN.* The effect of GLN administration on gut immune 
function is unknown. Therefore, the purpose of this study was 
to evaluate the effect of GLN-enhanced TPN on gut immune 
function. 


METHODS 
Animals 


Thirty-six female Fischer rats, weighing 100 to 150 g, were ran- 
domly divided into three groups of 12 animals each. Animals that 
were to receive TPN were anesthetized with ketamine (50 mg/kg) and 
pentobarbital (25 mg/kg), and a central venous catheter was placed 
via a right internal jugular cutdown using aseptic technique. The 
catheter was tunneled subcutaneously and brought out through a 
spring coil mechanism to allow freedom of movement for all animals. 
Animals were maintained in metabolic cages with 12-hour light and 
dark cycles. 


Experimental Groups 


Group 1 (chow) animals were maintained on a standard rat chow 
diet and water ad libitum. Group 2 (TPN) animals were maintained on 
a standard formula of TPN containing a solution of 25% dextrose and 
4.25% amino acids void of GLN. Group 3 (TPN-GLN) animals were 
maintained on a formula of TPN containing 25% dextrose, 2.25% 
standard amino acids, and 2%L-GLN. Therefore, animals in groups 2 
and 3 received isonitrogenous, isoenergetic formulas. All animals 
were maintained on their respective diets for 2 weeks, at which time 
they were killed. 

When the animals were killed the common bile ducts were cannu- 
lated and bile was collected to assay for S-IgA. Mesenteric lymph 
nodes (MLNs) were harvested for culture using a sterile technique, 
and porticns of bowel were excised for enteroadherence assay. 


MLN Cultures 


Mesenteric lymph nodes were weighed and transferred to a sterile 
tissue grinder and diluted 1:10 (wt/vol) with sterile phosphate-buff- 
ered saline solution. The suspension was then plated on tumor- 
specific artigen II blood agar plates and incubated for 24 hours, at 
which time colony counts were performed. The MLN cultures were 
considered “positive” if greater than 100 colony-forming units per 
gram of nodal tissue were obtained. Identification of specific organ- 
isms was performed using standard microbiological techniques. 


S-igA Assay 


Biliary 3-IgA levels were determined by a double-sandwich en- 
zyme-linked immunosorbent assay using standard techniques. The 
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S-IgA was purified from rat bile by modification of the method of 
Jones et al.’ Antisera were purified and conjugated to horseradish 
peroxidase by standard techniques. 


Enteroadherence Assay 


Bacterial adherence assay was performed according to the method 
of Sherman et al.** One-centimeter portions of cecum and terminal 
ileum were excised at the time of killing. Specimens were rinsed with 
sterile phosphate-buffered saline solution and then placed in 10% 
neutral buffered formalin for fixation. Specimens were embedded in 
paraffin following standard histochemical techniques. Five serial 
sections frem each block were cut with a microtome and stained with 
Giemsa. All slides were coded and examined under bright-field mi- 
croscopy by a blinded examiner. “Positive” enteroadherence was 
concluded if sheets of bacteria were appreciated adherent to mucosa 
in several areas of each section and in three or more of the sterile 
sections. 


Statistics 


Analysis of translocation rates and enteroadherence data was per- 
formed using x” analysis. Secretory IgA levels were analyzed using 
an unpaired Student's ¢ test. Statistical significance was achieved 
with P<.05. 


RESULTS 


All animals gained weight and appeared healthy at the end 
of the 2-week study period. Translocation data are summa- 
rized in Table 1. Animals in group 1 (chow) had a 0% (0/12) 
incidence of bacterial translocation while animals in group 2 
(TPN) had a 58% (7/12) incidence of bacterial translocation 
(P<.005). Animals in group 3 (TPN-GLN) had an 8% (1/12) 
incidence of bacterial translocation. The difference in translo- 
cation rates for animals in groups 2 (TPN) and 3 (TPN-GLN) 
was statistically significant (P<.009). There was no statisti- 
cally significant difference in rates of translocation between 
animals in group 1 and group 3. The organism most commonly 
grown in the MLN culture was Escherichia coli followed by 
Proteus mirabilis. 

The S-IgA data are summarized in Table 2. Analysis of 
biliary S-IgA levels demonstrated a statistically significant 
reduction in levels of S-IgA (P<.02) in the TPN-fed group 
compared with chow-fed animals. Animals in group 3, the 
GLN-enriched TPN, had a statistically significant increase in 
biliary S-IgA when compared with the standard formula in 
group 2 (P<.05). There was no difference in biliary S-IgA 
levels in animals in group 1 (chow) vs group 3 (TPN-GLN) (P 
is not significant). 

Enteroadherence of bacteria to intestinal mucosa was stud- 
ied in the terminal ileum and cecum (Table 3). The incidence of 
enteroacherence in the terminal ileum demonstrates no sta- 
tistically significant difference between groups (P is not sig- 
nificant). Cecal bacterial enteroadherence results were not 
uniform for all three groups. Comparison of chow-fed animals 
in group Land animals maintained on a standard TPN diet in 
group 2 demonstrated a statistically significant increase in 
bacterial adherence: 50% (6/12) in group 2 compared with 8% 
(1/12) in group 1 (P<.025). Furthermore, comparison of the 
incidence of enteroadherence in animals in group 1 (chow) 
with the animals maintained on GLN-supplemented TPN in 
group 3 (TPN-GLN) showed no statistically significant differ- 
ence. Analysis of enteroadherence data between the two TPN 
groups demonstrates that even though the absolute incidence 
of enteroadherence was lower in the GLN-supplemented 
TPN group, this difference was not statistically significant. 


COMMENT 


The concept of the gut occupying a central role in surgical 
stress is rapidly becoming an area of intense investigation.” 
This concept, however, is not a recent discovery. Experi- 
ments by Fine” and Rush et al” as early as 1965 demonstrated 
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Table 1.— Incidence of Translocation of Bacteria 
to Mesenteric Lymph Nodes (MLNs) 


Group* Incidence + MLN % Translocation 


1 (chow) 0/12 0 
2 (TPN) 7A2F 58 


3 (TPN-GLN) 1/124 8 





*TPN indicates total parenteral nutrition. See text for explanation of groups. 
tP<.002 vs group 1. 
$P<.009 vs group 2. P is not significant vs group 1. 





Table 2.—Biliary Levels of Secretory IgA (S-igA) 






Mean + SD S-IgA, 
pg/mL 
1 (chow) 148 +44 


*TPN indicates total parenteral nutrition; GLN, glutamine. See text for ex- 
planation of groups. 

tP<.02 vs group 1. 

+P<.05 vs group 2. P is not significant vs group 1. 


Table 3.—Bacterial Enteroadherence 
in the Ileum and Cecum 
















Enteroadherence 
| 
Group* ileum Cecum 
1 (chow) 2/12 1/12 
2 (TPN) 3/12 6/12ł 
3 (TPN-GLN) 2/12 3/12} 






*TPN indicates total parenteral nutrition; GLN, glutamine. See text for ex- 
planation of groups. 

tP<.025 vs group 1. 

P is not significant vs groups 2 or 1. 


that animals tolerated a period of shock much longer following 
total bowel exenteration than animals with an intact intesti- 
nal tract. It was clear then, as it is now, that confining bacteria 
and their toxins to the intestinal lumen is an important task 
for the host, especially when confronted with a hostile micro- 
bial environment such as a critical care unit. Bacteria! translo- 
cation from the gut is a process whereby the indigenous 
intestinal microflora relocate extraluminally to the milieu 
interior. This process may be the initiating event in many of 
the organ failure states seen in critically ill patients.” 

Impairment of the gut barrier function may occur on sever- 
al fronts. Disruption of intestinal circulation by vasoactive 
mediators, alteration of the fragile microbial balance of the 
intestines by antibiotics, exposure of the intestinal mucosa to 
radiation and chemotherapy, and dietary modifications to 
enhance protein synthesis may all be unavoidable events that 
occur during intensive care therapy. The cumulative effect of 
these therapies may be the disruption of gut barrier function 
and subsequent bacterial translocation leading to the syn- 
drome of multiple organ failure. While this hypothesis re- 
mains largely unproved, circumstantial evidence is now accu- 
mulating suggesting an association between bacterial 
translocation and multiple organ failure states.” 

We have demonstrated that TPN leads to the translocation 
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of enteric bacteria to the MLNs.° This was associated with a 
marked increase in the cecal bacterial count and a marked 
reduction in the S-IgA level.** These studies clearly demon- 
strated that the provision of nutrients via the oral route is 
necessary for maintenance of gut barrier function to bacteria. 
Both luminal stimulation and gut specific nutrients may be 
important in this process. Gut barrier function to bacteria can 
be viewed as a two-part process: the maintenance of a bal- 
anced microbial flora and the normal function of mucosal 
immune mechanisms. A disruption in either of these compo- 
nents can result in the translocation of intestinal bacteria. 
When nutrients are administered enterally a normal concen- 
tration of intestinal S-IgA is maintained. However, luminal 
stimulation alone does not prevent bacterial translocation to 
the MLN. Gut-specific nutrients are important for the main- 
tenance of intestinal microbial homeostasis. 

We have demonstrated that diets that contain no fiber 
source, such as modified liquid formulas, result in a marked 
proliferation of cecal coliforms and bacterial translocation to 
the MLN.” Fiber-free diets rich in GLN, however, do not 
allow bacterial translocation from the gut despite a significant 
rise in the cecal coliform count. This presumably occurs be- 
cause of some immune-enhancing effect of the GLN on the 
mucosal defense system. Cecal bacterial concentrations were 
not measured in the present study and, therefore, the effect of 
intravenous GLN on the intestinal microflora is unknown. 
However, previous work would suggest that a significant 
disruption of the intestinal microflora would be observed in 
animals that do not receive nutrients by gut favoring the 
proliferation of cecal coliforms.’ 

This increase in cecal bacteria coupled with a significant 
decrease in the S-IgA level can result in bacterial transloca- 
tion to MLNs.’ The results of the present study demonstrate 
that GLN-supplemented TPN can maintain S-IgA at normal 
levels. Thus, it is possible that GLN prevented bacterial 
translocation to MLN in this model through enhancement of 
mucosal immunity despite the alteration of intestinal bacteria 
from intravenous feeding. These data underscore the impor- 
tance of S-IgA. 

The production in S-IgA begins in the Peyer's patches 
where oral antigen is sampled and antigen-specific S-IgA- 
producing B cells are released into the circulation via the 
MLN and thoracic duct. The S-IgA is then released into 
secretions, such as saliva, breast milk, tears, bile, and intesti- 
nal succus. Studies in gnotobiotic mice demonstrated that as 
the intestinal bacterial counts fall, so does the S-IgA level.” 
On recolonization, however, S-IgA levels begin to rise in 
response to the bacteria. Animals fed standard TPN formulas 
develop a significant proliferation of intestinal coliforms and a 


markec reduction in intestinal IgA. This may occur by the 
development of significant gut atrophy from standard formu- 
las of TPN.* Measurements of DNA, protein, and mucosal 
height “ollowing the use of TPN are significantly reduced.* It 
is therefore possible that an intestinal energy and protein 
deficit eccurs with TPN and S-IgA cannot be produced, lead- 
ing to proliferation of bacteria and their subsequent 
transloeation. 

Studies by Souba and others” have emphasized the impor- 
tance o° GLN in gut metabolic function. Glutamine is a fuel 
that is Grectly used by mucosal cells and is absent in standard 
solutions of TPN. The addition of GLN to TPN results in 
preservation of intestinal mass as measured by nitrogen con- 
tent anc mucosal height.’ 

Our results indicated that GLN-enhanced TPN prevents 
bacterial translocation from the gut.* Animals maintained ona 
standard TPN formula had an increased incidence (58%) of 
translocation in contrast to animals maintained on a 
GLN-supplemented TPN formula (8%) or chow-fed animals 
(0%). Ghutamine also appeared to maintain S-IgA at control 
levels, suggesting that its effect on the preservation of gut 
mass ineludes intestinal lymphoid tissue as well. 

Secretory IgA functions primarily by preventing the at- 
tachment of bacteria to the mucosal cell.” This indeed may be 
the firs: step in the process of translocation of bacteria. 
Normally, many factors act in concert to prevent the attach- 
ment of bacteria to the enterocyte. These include a thick 
mucus coat, intact peristalsis, dietary lectins that coat muco- 
sal cell bacterial receptors, and other nonspecific processes. 
While we cannot infer causality between S-IgA and bacterial 
translocation in this study, a strong suggestion exists. This is 
further addressed by the data demonstrating a trend toward 
less enteroadherence of bacteria in the TPN-GLN-fed group 
compared with standard formula. It is possible that GLN 
enhances lymphoid tissue in Peyer’s patches and MLN, im- 
proving the response to enteric bacteria. Also, GLN may 
directly affect macrophage-mediated bactericidal activity in 
MLNs.” This may be the reason that fewer bacteria were 
grown inthe MLN cultures of animals fed GLN. 

The clinical implication of these data is substantial. Studies 
evaluating the discriminate value of GLN levels in predicting 
outcome in intra-abdominal sepsis suggest that provision of 
this amino acid may be critical to survival. Studies by Fox and 
others” elearly demonstrated improved survival with GLN 
administered in animals with experimentally induced entero- 
colitis. Issues surrounding the routine clinical use of GLN will 
be safety and efficacy. Further data are necessary to examine 
this question. Glutamine may be an important gut immune 
modulatcr. Intense investigation in this area is necessary. 
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Discussion 


CAROL WELLS, MD, Minneapolis, Minn: Glutamine is a nonessen- 
tial amino acid that makes up one half the body’s pool of free amino 
acids. Several recent articles by Windmueller (Adv Enzymol. 
1982:201-235) and Sousa et al (J Parenter Enterol Nutr. 1985;9:608- 
617) have elegantly described the role of GLN in maintaining normal 
gut histologic appearance. Other investigators, including Rodney 
Berg, PhD, and Ed Deitch, MD, have demonstrated that the translo- 
cation of intestinal bacteria is increased in response to an alteration in 
the gut mucosal barrier. 

Because GLN plays an essential role in maintaining normal gut 
histologic appearance and because a disruption in this histologic 
appearance can facilitate bacterial translocation, a logical extension 
of these two concepts would be to postulate that dietary GLN can play 
a critical role inanodulating intestinal histologic appearance, intesti- 
nal immunity, and the translocation of intestinal bacteria. Dr Burke 
and colleagues have used parenterally fed rats to test this hypothesis. 
By comparing the responses of rats given isoenergetic formulas with 
and without GLN, Dr Burke has presented evidence that dietary 
GLN helps maintain normal intestinal histologic appearance, helps 
maintain normal intestinal immune functioning, and helps prevent 
bacterial translocation. I have three questions about the methods 
used in these experiments. 

First, concerning the various groups of rats used, I noted that 
there was no sham-operated group. In the 1987 surgical forum, 
Guzman et al presented evidence that surgical manipulation alone 
could promote bacterial translocation. Because Dr Burke’s rats were 
subjected both to a surgical procedure and to an indwelling parenteral 
line, I wonder if Dr Burke could speculate on the possible role of 
trauma in the bacterial translocation observed in his animal model. 

Second, positive bacterial translocation is defined in this report as 
the recovery of greater than 100 bacteria per gram of MLN. To my 
knowledge, all other investigators have defined bacterial transloca- 
tion as the recevery of any viable bacteria from MLNs. Could Dr 
Burke give us some idea about how many control and treated rats had 
any viable bacteria recovered from MLNs? 

Finally, regarding the enteroadherence assay, the authors stated 
that positive enteroadherence was concluded if sheets of bacteria 
were appreciated adherent to mucosa in several areas of each section 
and in three or more of the sterile sections. What is meant by sterile 
sections? 

DOUGLAS W. WILMORE, MD, Boston, Mass: We’ve observed in the 
number of experimental models that the addition of GLN to intrave- 
nous solutions and enteral feeding formulas will decrease morbidity 
and mortality, particularly that mortality associated with sepsis. 
Such models allow us to understand the mechanisms by which GLN 
protection occurs. It is still unclear to me whether augmentation of 
host resistanceis due to protection of the enterocyte or whether GLN 
is a nonspecific immunostimulant. Since GLN is necessary and, in 
fact, required in many cell culture systems for the maintenance of all 
cells that participate in the immune response, it may simply be an 
immunostimulant that augments host defense mechanisms. 

We have evidence that GLN affects the barrier function and addi- 
tional data such as yours suggesting that GLN augments immunity in 
addition to thesspecific barrier function effects. This is an important 
area and more work is needed to determine the mechanisms of these 
actions. 

J. RAYMOND FLETCHER, MD, Nashville, Tenn: I wonder if you 
checked your solutions for the presence of endotoxin. It’s certainly 
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possible that these effects that you observed in one of your groups 
may have some contaminants of endotoxin. 

WILEY SOUBA, MD, Gainesville, Fla: Our laboratary has done 
work similar to this. In our animals receiving GLN-free TPN the 
blood and muscle concentrations of GLN are normal unless they are 
additionally stressed. Your work suggests that intravenous GLN 
may be stimulating IgA synthesis by the liver. Have you measured 
GLN levels in bile? In your model, GLN may also play ar. important 
role in supportng the lymphocytes. The exogenous GLN may not only 
support the gut mucosal barrier but may also support lymphocyte 
proliferation in the MLNs. This may result in a decreased number of 
culture-positive nodes. 

RICHARD L. SIMMONS, MD, Pittsburgh, Pa: Ideally, in any bacte- 
rial translocation study you should have bacterial counts on the gut; 
because it’s possible, for example, that GLN cuts down the gut flora 
and that would itself reduce translocation. Conversely, any increase 
in the gut flora would increase translocation. I wonder if you could 
answer a question that’s always puzzled me. What direet evidence is 
there that IgA influences translocation? Has anybody ever taken a 
germ-free animal, coated bacteria with IgA, perhaps irradiated the 
bacteria so that they wouldn’t proliferate, and determined whether 
they translocate more often or less often? 

DR BURKE: Dr Wells, to answer your question regarding the 
absence of a sham-operated group, we and others have demonstrated 
that the presence of an intravenous catheter does not lead to bacterial 
translocation, eliminating the need for an additional group. Manipula- 
tion of the gastrointestinal tract per se definitely would. Therefore, 
we did not feel this was a confounding variable. 

We picked 100 colony-forming units as a standard from published 
studies on translocation. There is some discrepancy in the literature. 
Basically, though, when looking at all the plates it’s quite evident 
which animals have had a translocation vs not. There may be one to 
two colonies at most (usually the plates have no colonies growing on 
them) in the control animals or GLN-supplemented animals. Animals 
maintained on standard TPN would have grossly positive plates 
before the calculations were done for colony-forming units per gram 
of tissue. This slide is a representative section of cecum. Looking 
along the brush border you ean occasionally make out one bacterium. 
This is from a rat chow-fed animal. In comparison, this slide is of an 
animal maintained on standard TPN. 

You have to ignore the bacteria within the lumen. And, in fact, you 
can even see there is bacteria beyond the mucosal cells. Dr Fletcher, 
we did not check for endotoxin within the solution. Our data demon- 
strate that both groups of TPN-fed animals had statistically signifi- 
cant rates of translocation and one would not expect there to be 
endotoxin in one group without it being in the other greup. 

In reference to Dr Souba’s question, we’ve not looked at GLN 
levels in the bile, but that’s something that has definitely come to 
mind. 

Dr Simmons, we’ve not looked specifically at gut flora counts with 
GLN. That is something we’re very conscious of and hope to pursue. 
While the causality between IgA and bacteria! translocation remains 
to be investigated, several studies suggest a relationship. 

There are human as well as experimental data showing that you can 
reduce gut-derived bacteremia by the use of orally administered IgA. 
There are human data in neonates showing that the use of IgA 
decreases morbidity and mortality from necrotizing enterocolitis. 
Further work is necessary. 
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Tumor Necrosis Factor Induces Adult 


Respiratory Distress Syndrome in Rats 


Elisabetta Ferrari-Baliviera, MD; Kenneth Mealy, FRCSI; Robert J. Smith, MD; Douglas W. Wilmore, MD 


è To evaluate the effect of tumor necrosis factor (TNF), a major 
mediator of sepsis, on lung structure and function, we infused 
200-g male Wistar rats with TNF (0, 2 x 10°, or 4 x 10° U/kg of TNF) 
for 24 hours. Volume-pressure measurements were determined 
in the excised lungs using both air and saline, which eliminated 
surface tension forces. Total lung wet and dry weight, nitrogen 
level, and DNA and protein content were measured. Lungs of the 
rats that received TNF accepted significantly smaller volumes of 
air and saline at all pressures compared with the control group. 
Both the lung wet and dry weights increased with TNF. Lung DNA 
and protein content also increased, suggesting increased cellu- 
larity in the TNF-infused lungs. Thus, the lungs of the TNF-treated 
rats were stiffer, with reduced compliance values, and heavier 
due to increased water content and increased cellularity. These 
data indicate that sublethal administration of TNF in this rat 
model induces the adult respiratory distress syndrome and in- 
creases the work potential of respiration. 

(Arch Surg. 1989;124:1400-1405) 


oe is frequently associated with deterioration of pulmo- 

nary function, leading to the adult respiratory distress 
syndrome (ARDS). This syndrome is characterized by hypox- 
emia, decreased lung compliance, and increased pulmonary 
vascular permeability with normal left heart pressures. His- 
tologically, there is interstitial and alveolar edema, hemor- 
rhage, atelectasis, leukocyte sequestration in the lung micro- 
circulation, and leukocyte invasion of the pulmonary 
parenchyma.’ 

A number of circulating factors, such as cytokines, prosta- 
glandins, leukotrienes, complement, and free oxygen radi- 
cals, are all elicited by sepsis and have all been implicated in 
the etiology of ARDS. However, the specific cause of this 
response remains unclear. The cytokine tumor necrosis factor 
(TNF) is a major mediator of sepsis and gives rise to severe 
alterations in pulmonary morphologic characteristics, as 
demonstrated in postmortem lung specimens from animals 
receiving lethal doses of TNF.** In these animal models, 
however, administration of high doses of TNF also causes a 
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shocklike syndrome characterized by hypotension, respira- 
tory failure, and death, similar to conditions observed follow- 
ing overwhelming bacterial infection or endotoxemia. 

Because of the association between sepsis, TNF elabora- 
tion, and lung dysfunction, we investigated the short-term 
dose-response effects of TNF on the functional, biochemical, 
and morphologic status of the pulmonary parenchyma. Tumor 
necrosis factor infusion was associated with changes similar 
to those associated with ARDS and, hence, can be considered 
a mediator of this response. 


MATERIALS AND METHODS 
Animals 


Adult male Wistar rats (200 g, N =69) were obtained from Charles 
River Laboratories (Boston, Mass) and allowed to acclimatize to 
standard laboratory conditions for 4 days. They had free access to 
Purina rat chow (Purina Mills Inc, St Louis, Mo) and water and were 
housed in individual metabolie cages (Laboratory Products Inc, May- 
wood, NJ) in a constant temperature environment with a 12-hour 
light-dark cycle. The rats were maintained throughout the study in 
accordance with the guidelines of the Committee on Animal Care of 
Harvard Medical School, Boston, Mass. 


Study Protocol 


On day 0 the rats received an intraperitoneal dose of pentobarbital 
sodium (5 mg of Nembutal per 100 g, Abbott Laboratories, North 
Chicago, Ill) and were weighed, their hair was shaved from the 
interscapular and the abdominal regions, and the skin was prepared 
with povidone-iodine solution (Clinidine, The Clinipad Corp, Guil- 
ford, Conn). All the rats underwent external jugular venous catheter- 
ization using a sterile technique. Silastic (Dow Coning Corp, Midland, 
Mich) venous catheters (internal diameter, 75 mm; external diame- 
ter, 165 mm) were tunneled subcutaneously to the interscapular 
region and threaded through a metal sheath attached to a swivel 
device (Instech Laboratories, Horsham, Pa) that allowed free move- 
ment of the rat during the study period. 

Following the operation, 0.9% saline was infused overnight (1.4 
mL/h) using a constant-infusion pump (Harvard Apparatus, South 
Natick, Mass). The next day the rats were randomly divided into 
three groups; each group received a continuous infusion of total 
parenteral nutrition (TPN) solution (2 mL/h) that contained adequate 
energy and nitrogen for growing rats, as previously described.” Rats 
in the first group (control) received the TPN infusion alone, rats in the 
second group (low dose) received TPN and 2 x 10° U of TNF /kg per 24 
hours, and rats in the third group (high dose) received TPN and 
4x 10° U of TNF/kg per 24 hours. Previous studies demonstrated no 
loss of bioactivity following the addition of the TNF to the TPN 
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solution. All the animals were allowed to drink water ad libitum. 
Following a 24-hour infusion period the rats were anesthetized (pen- 
tobarbital sodium, 5 mg/100 g) and killed by exsanguination through 
the abdominal aorta. 


Volume-Pressure Measurements 


In 65 rats (22in the control group, 19 in the low-dose TNF group, 
and 24 in the high-dose TNF group), air volume-pressure curves were 
determined. Immediately following exsanguination, the thorax was 
opened, and the lungs were exposed using a small retractor and freed 
from the pleura! attachments. The heart and thymus were dissected 
from the tracheobronchial tree, and the trachea was opened and 
intubated using a 16-gauge intradermic luer stub adapter (Becton- 
Dickinson & Co, Franklin Lakes, NJ). The lungs were then excised 
and rinsed with normal saline and placed in a vacuum jar for 3 minutes 
for degassing. Following lung collapse, the tracheal tube was con- 
nected by a 3-way stopcock to a calibrated syringe attached to one 
limb. The other limb was attached to a Novatrans pressure transduc- 
er (Medex, Hilliard, Ohio). The pressure transducer was placed at the 
same level of the pulmonary carina and connected to a pressure 
amplifier (Honeywell, Pleasantville, NY) for pressure recording. The 
syringe was mounted on a Harvard infusion-withdrawal pump. 

Lungs weresnflated with air to a transpulmonary pressure of 30 cm 
H,O and deflated to 0 cm H ,0.° The cycle was repeated to ensure a 
constant volume history.” Volume and pressure values measured 
during the seeond cycle were used for comparison. The volume of air 
inflated at 30 em H,O was considered the maximal lung volume 
(MLV). During the second deflation, air was withdrawn in a stepwise 
manner, 1 mL at a time. The volume of air present in the lung was 
calculated from the volume in the syringe. After the pressure had 
stabilized for 20 seconds at each volume, this value was recorded 
along with the corresponding pressure that was displayed on the 
pressure amplifier. If the pressure failed to remain constant it was 
assumed that an air leak was present, and the lungs were used only 
for biochemical analysis. 

Thirty-nine rats also had volume-pressure measurements per- 
formed infusing saline to eliminate air surface tension, using a modifi- 
cation of the method proposed by Riley et al.’ After the measure- 
ments of lung mechanics using air, the lungs were replaced in the 
vacuum jar for 3 minutes. The lungs were then weighed, and the 
tracheal tube was connected to the same pressure apparatus previ- 
ously described. During the measurements the lungs were immersed 
in a bath of 0.9% saline at room temperature (~24°C). The lungs were 
inflated with saline to a transpulmonary pressure of 10 cm H,O and 
deflated in astepwise manner, 1 mL at atime, to 0 cm H,O. The saline 
volumes inflated at 10 cm H,O was taken to be the MLV. Again, only 
the values obtained during the second inflation-deflation cycle were 
recorded. If the pressure did not remain constant for at least 20 
seconds, the lung was discarded. After the second deflation was 
completed the lungs were reweighed; any weight gain from the 
measurement performed before the inflation-deflation maneuvers 
was taken to be a measure of the amount of saline retained in the 
lungs. This volume was added to the total volume removed during 
emptying and compared with the total volume injected to obtain an 
estimate of leakage. If the difference between the two values was 
greater than 6%, the lungs were considered to have leaked, and the 
data were discarded. 

All measurements were made within 1 hour of death, using lungs 
without evidence of pathologic characteristics, such as consolidation 
or hemorrhage, on gross examination. Two excised lungs were dis- 
eased and were discarded. 


Body and Lung Weight 


Rats were weighed at the time of catheterization and before death. 
The lung wet weight was determined only in rats used for volume- 
pressure measurements with air. After air volume-pressure mea- 
surements were completed in 24 rats (8 from the control group, 9 from 
the low-dose TNF group, and 7 from the high-dose TNF group), the 
lungs were cleaned of fat, major extrapulmonary blood vessels, and 
airways and weighed on an H5I analytical scale (Mettler, Hightown, 
NJ). This-value was taken to be the lung wet weight. The lung dry 
weight was determined in all rats in which pulmonary mechanics 
were studied. The left lung was dried in an oven at 105°C for 48 hours. 
The total dry weight was calculated with the assumption that the wet- 
dry weight ratio was the same for the whole lung parenchyma. The 
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ratio of the lung wet weight to the final body weight was also 
calculated. 


Biochemical Studies 


On completion of the volume-pressure measurements, the lungs 
were cleaned of fat, extrapulmonary tissue, blood vessels, and air- 
ways. The left lung was dried, and the nitrogen content determined 
by the macro-Kjeldahl method.” The lower and middle lobes of the 
right lung were excised, homogenized using a Polytron homogenizer 
(Kinematica CH6010, Kriens, Lucerne, Switzerland), and sonicated 
using a heat system sonicator (W-380, Ultrasonic, Farmingdale, 
NY). Measured aliquots were used for determination of DNA and 
protein content using a modification of the methods of Burton” and 
Lowry et al,” respectively. Total DNA and protein content were 
calculated assuming that the DNA and protein-tissue weight ratios 
were constant throughout the entire lung parenchyma. The protein- 
DNA, DNA-lung dry weight, and protein-lung dry weight ratios 
were also calculated. 


Histologic Studies 


Twenty-six additional animals were used for histologic studies. 
Following infusion the rats were killed, the lungs were excised, and 
the trachea was intubated as described above. The tracheal tube was 
connected with a 10-mL syringe filled with 10% phosphate-buffered 
formaldehyde solution. The solution was infused until the lungs were 
totally inflated. Samples were embedded in paraffin wax and sec- 
tioned with a microtome (6 pm). All sections were stained with 
hematoxylin-eosin and interpreted by a pathologist in a blinded 
fashion. 


Calculations and Statistica! Analysis 


Air and saline volume-pressure curves were determined for each 
lung by plotting tracheal pressure as a function of lung volume at each 
pressure point during deflation. Lung volume was expressed as the 
absolute volume in milliliters, percentage of MLV, and volume per 
lung dry weight. The volume-pressure curves were compared by 
performing analysis of variance for the air and saline volumes present 
in each lung group at defined pressures. Compliance was calculated as 
the slope of the straight line connecting two defined peints on the 
volume-pressure curve. Total compliance due to surface forces and 
elastic recoil forces was calculated from the steeper portion of the air 
volume-pressure curves (between 12 and 7.5 cm H,O and between 7.5 
and 2 cm H,O). Compliance was also calculated from the saline 
volume-pressure curves (between 0 and 4 cm H,O and between 4 and 
6.7 cm H,O). Values are expressed as mean + SEM. Statistical analy- 
sis was carried out by two-way analysis of variance. The Dunnett t£ 
test was used for post hoc comparisons when necessary. Differences 
were considered significant for P <.05. Dose-response curves were 
generated by linear regression using the method of least squares. All 
calculations were performed on a Macintosh Plus computer (Apple 
Computer, Cupertino, Calif) with a standard statistical package 
(Statview 512, Brain Power, Calabasas, Calif). 


RESULTS 


Of the 69 rats entered in the study, 2 died; one death 
occurred in the control group, and the second death occurred 
in the high-dose TNF group. At harvest, most of the TNF- 
treated animals appeared healthy, but occasional animals 
demonstrated lethargy, ruffled fur, and loose bowel motions; 
these features appeared to be dependent on the TNF dose. 
Subjectively, the majority of the animals appeared free of 
respiratory difficulties at the end of the study period; howey- 
er, 2 further animals were discarded because of lung patholog- 
ic findings on gross examination. 


Volume-Pressure Measurements 


Lungs of the TNF-treated rats accepted a significantly 
smaller volume of air at all transpulmonary pressure mea- 
surements compared with the controls (Fig 1). These results 
were dose dependent and occurred at all pressures other than 
0 and 2.7 cm H,O. When volume was expressed as the percent- 
age of MLV, the curves in the TNF groups were shifted down 
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Fig 1.—Air volume-pressure curves in the control (open squares, n=22), low-dose TNF (diamonds, 
n= 19), and high-dose TNF (solid squares, n = 24) groups. Points plotted represent the mean + SEM for 
each group for the different transpulmonary pressures recorded. Asterisk indicates a significant group 
effect with time (P<.025 on the left and P<.005 on the right). 
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Fig 2.—Saline volume-pressure curves in the control (open squares, n= 22), low-dose TNF (diamonds, 
n= 19), and high-dose TNF (solid squares, n = 24) groups. Points plotted represent the mean + SEM for 
each group for the different transpulmenary pressures recorded. Asterisk indicates a significant group 
effect w'th time (P<.025 on the left and P<.005 on the right). 


and to the right of the controls. At a transpulmonary pressure 
of 23 cm H,O, the lungs from the TNF-infused animals ac- 
cepted significantly less air than centrols; the lungs of the 
control animals contained 85.9% of MLV, the lungs of the 
animals treated with low-dose TNF eontained 81.8% of MLV, 
and the lungs of the rats treated with high-dose TNF con- 
tained only 79.9% of MLV. When the volume was normalized 
to the lung dry weight, the lungs of the TNF-treated groups 
again accepted significantly smaller volumes of air for all 
transpulmonary pressure values in comparison with the con- 
trols (Fig 1). Similar results were found with the saline vol- 
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ume-pressure curves (Fig 2). When volume was expressed as 
a percentage of MLV, at a transpulmonary pressure of 6.75 
cm H,O, the lungs of the control animals contained 83.4% of 
MLV, while the lungs of animals treated with low- and high- 
dose TNF contained 77% of MLV. At a transpulmonary pres- 
sure of 4 cm H,O, the volume of saline accepted by the lungs 
was 67% of MLV in the control group, 58% of MLV in the low- 
dose TNF group, and 65.6% of MLV in the high-dose TNF 
group (P<.05 for low-dose TNF vs control groups). When the 
lung volume was normalized to the lung dry weight in the 
TNF groups, the curves were also shifted down and to the 
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Table 1.— Static Compliance 
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Compliance, trom air 
volume-pressure curves 
No. of animals 


Pressure range, 
cm H,O 
2.7-7.5 











0.39+0.22 0.33+0.02t 0.29+0.01F 
0.38+0.02 0.33+0.01§ 0.26+0.01F 

















Compliance, from saline 
volume-pressure Curves 
No. of animals 


Pressure range, 
cm H,O 
0-4 







0.81 +0.08 0.58 +0.04] 
0.46+0.04 0.48+0.05 


0.60 + 0.05f 
0.37 +0.01 






*Values.are mean + SD. TNF indicates tumor necrosis factor. 
+P<.05-vs control group. 

+P<.005 vs centrol group. 

§P<.025 vs high-dose TNF group. 

||P<.01 vs contrel group. 


right of the controls, and the lungs contained significantly less 
saline at all pressures (Fig 2). 

Compliance values obtained from the air volume-pressure 
curves were significantly reduced in the TNF groups (Table 
1). Compliance values calculated from the saline volume- 
pressure curves for transpulmonary pressures between 0 and 
4 cm H,O and between 4 and 6.7 cm H,O were reduced in the 
TNF groups compared with the controls (Table 1). 


Body and Lung Weight 


Body weight at the beginning of the study (day 0) was 
similar for all the groups (Table 2). Mean body weight tended 
to be reduced in the animals that received TNF following 24 
hours of infusion, although this difference was not statistical- 
ly significant. Lung wet weight was significantly increased in 
both TNF-treated groups (Table 2). Lung dry weight was also 
increased in the TNF groups in comparison with the control 
group. However, the increase in lung dry weight only reached 
statistical significance in the animals treated with high-dose 
TNF compared with the controls (P<.005). The wet-dry 
weight ratio tended to increase in the TNF groups in a dose- 
dependent fashion, although the difference was not statisti- 
cally signifieant. The lung wet weight-final body weight ratio 
was significantly increased in both TNF-treated groups com- 
pared with the controls (P<.0001). 


Biochemical Studies 


Lung nitrogen, DNA, and protein content were increased 
in both TNF groups compared with the controls (Table 3). 
These increases were significant in the high-dose TNF group 
(P<.005). The protein-DNA ratio was increased in the lungs 
of TNF-treated rats compared with the controls; maximal 
differences occurred in the low-dose TNF group (P<.025). 
The DNA-tung dry weight and protein-lung dry weight ra- 
tios were similar in the control and TNF-treated groups. 


Histologic Studies 


Histologic studies were performed on 26 lungs selected 
from the three groups of animals. Some TNF-treated animals 
showed focal interstitial inflammation of the lung parenchy- 
ma, but these findings were inconsistent. Objective attempts 
to grade the extent of cellular infiltrate and/or edema in these 
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Table 2.—Body and Lung Weights 


Low-Dose High-Dose Effect 
No TNF TNF TNF Pt 


No. of animals 


Body weight, g 
Initial 198.0+1.7 203.8+2.0 


184.3+1.7 181.7 +2.3 180.4+2.1 
6.8+0.6 10.5+9.3t 9.3+0.B§ 
No. of animals 8 9 7 


198.8 + 1.7 


Weight loss, % 


Lung weight, g 
Wet 0.91 +0.03 


0.16+0.01 


1.03 + 0.03}| 
0.19+0.01 


1.19+003$ .0001 
0.21+001¢ .0004 


Wet-dry lung 
weight ratio 

Wet lung weight- 
body weight 
ratio x 10° 


5.52+0.14 5.55+0.13 5.63+020 NS 


4.79+0.19 5.56+0.15¢ 637+018f .0001 


*Values are mean + SD. TNF indicates tumor necrosis facter. 
tNS indicates not significant. 

+P<.005 vs contro! group. 

§P<.025 vs contro! group. 

P<.01 vs control group. 


Table 3.—Biochemical Measurements 


No. of animals 


Lungnitrogen,mg 19.46+0.82  22.91+0.92 25.29=0.92¢ .0004 
Lung DNA, mg 7.82 +0.31 8.49 + 0.38 9.85+0.44ł} .0002 
Lung protein, mg 74.79+2.67 95.55+2.74ł 99.00+5.60ł .0001 
Protein-DNA ratio 9.79 +0.41 11.83+0.90¢ 10.29 0.56 


DNA-—dry weight 
ratio 49.90+1.73 


Protein—dry 
weight ratio 


46.07+2.36  49.46+2.30 NS 


482.15+21.33 514.41+15.30 488.56+2078 NS 


*Values are mean+ SD. TNF indicates tumor necrosis factor. 
tNS indicates not significant. 
+P<.005 vs control group. 


selected sections did not reveal differences between the 
groups. 
COMMENT 


Animals receiving lethal doses of TNF show alterations 
resembling the features present in the lungs of patients with 
ARDS"; however, the mechanism leading to these end-stage 
events is unknown. Moreover, it is unclear whether these 
alterations are associated with the lethal effects of TNF or if 
they are related to a specific pulmonary response to this 
cytokine. Consequently, the aim of this study was to investi- 
gate the early effects of TNF on the lung prior to the appear- 
ance of severe respiratory failure. 

An early feature of ARDS is an increase in lung water. In 
this study, both wet and dry lung weight were significantly 
increased with TNF infusion, suggesting that the increased 
weight cannot be accounted for by an increase in fluid reten- 
tion alone. Because the wet-dry lung weight ratio tended to 
increase in the TNF groups compared with controls, both 
fluid retention and cell and/or protein accumulation may have 
also occurred in the lungs of the TNF-treated animals. This 
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weight gain appears to be an organ-specific event in the TNF- 
treated animals, as demonstrated by the significantly in- 
creased lung wet weight-body weight ratio. 

Air volume-pressure curves in the TNF groups were shift- 
ed down and to the right of controls, indicating a decrease in 
air volumes for all the transpulmonary pressure values con- 
sidered. A significant decrease in air volume expressed as the 
percentage of MLV in the TNF groups occurred at a transpul- 
monary pressure of 23 cm H,O. Lung volume expressed as the 
percentage of MLV accounts for difference in lung size.” 
Thus, these alteratiens in air volume-pressure curves could 
be related to impaired surface forces and/or changes in tissue 
elastic forces. When the lungs were inflated with saline to 
eliminate surface temsion forees and to investigate the true 
tissue elastic forces of the lung,” TNF-treated lungs accepted 
less saline than those of controls; this decrease in saline 
volume was significant for all the transpulmonary pressure 
values. When the volume was expressed as the percentage of 
MLV, the TNF-treated lungs accepted significantly less vol- 
ume at transpulmonary pressures of 6.75 and 4 cm H,0. These 
results indicate that the alterations observed in volume-pres- 
sure curves in TNF-treated animals are primarily due to 
increased tissue stiffness. 

When correcting lung volume for lung dry weight, the air 
and saline volumes per unit of lung dry weight were signifi- 
cantly reduced in the TNF-treated groups compared with the 
controls for all transpulmonary pressure values tested. Thus, 
we conclude that the differences in lung volumes are not due 
to actual differences in the mass of normal pulmonary paren- 
chyma. The reduced pulmonary compliance values calculated 
for the TNF-treated animals fit the pathophysiologic process- 
es described during the early phase of ARDS. Decreased lung 
compliance and labored breathing are specific criteria for 
making the diagnosis of this syndrome. “ 

A decrease in lung compliance is characteristically seen 
with sepsis-associated lung injury.””* In the early stages of 
ARDS this process may not be a consequence of lung edema, 
as reduced lung compliance can appear before there is evi- 
dence of clinical lung edema. Pulmonary bronchoconstriction 
may play a role in this process; however, the etiology and 
pathologic mechanisms have not been clearly identified.” The 
results of our study suggest that TNF may be an important 
mediator of decreased pulmonary compliance in early ARDS. 

Total lung nitrogen, DNA, and protein content increased 
following TNF infusion. These changes were associated with 
diminished air and saline lung volumes; the greatest nitrogen, 
DNA, and protein content were associated with the smallest 
lung volume. The significant increase in DNA content in the 
high-dose TNF-treated rats suggested increased lung cellu- 
larity. This finding is consistent with pulmonary changes that 
occur during ARDS, which include the sequestration of im- 
munocompetent cells within the lung.“ The protein-DNA 
ratio was significantly increased in the low-dose TNF group. 
It is likely that the increase in protein content in the lungs of 
the low-dose TNF-treated animals was due to the retention of 
protein-rich fluid rather than increased protein synthesis by 
parenchymal cells. Other experimental models have demon- 
strated that plasma diffuses through ultramicroscopic lesions 
in the alveolar-capillary barrier in early lung injury. Charac- 
teristically, these lesions are not detectable with light micros- 
copy in the early phase of ARDS but are clearly demonstrated 
with electron microscapy.” It may be possible, therefore, to 
detect increased vascular permeability and, hence, increased 
lung weight prior to clear histologic changes. Tumor necrosis 
factor exerts a dose-dependent effect on the lung. Low doses 
appear to induce changes in vascular permeability, with pul- 
monary fluid retention indicated by increased wet weight and 
protein content. High doses of the cytokine induce more 
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severe changes in the pulmonary parenchyma, with signifi- 
cantly increased dry weight associated with increased DNA 
content These results are also consistent with the features 
described during the initial phases of ARDS. 

The administration of sublethal doses of TNF is clearly 
sufficient to induce alterations in pulmonary mechanics and 
decrease static compliance. A direct effect of TNF on the lung 
microvascular permeability has been shown by Horvath et 
al,” and this is consistent with the increase in lung wet weight 
following TNF infusion. Tumor necrosis factor is able to 
activate leukocytes, especially neutrophils, macrophages, 
and monocytes,” and it is chemotactic for polymorphonuclear 
cells and monocytes.” Activated alveolar macrophages can 
produce severalfold more TNF than blood monocytes.” Ste- 
phens et al“ have shown that neutropenia induced in mice 
prevents histologic pulmonary damage following TNF admin- 
istration. However, others suggest that neutrophils are not 
necessary to induce alterations in the lung vascular perme- 
ability.” These results indicate that TNF may induce alter- 
ations in pulmonary function before significant leukocyte in- 
vasion of the lung is observed. 

Increased cellularity in the lung following TNF administra- 
tion could occur due to an accumulation of immunocompetent 
cells. This, however, could not be confirmed by histologie 
inspection, which may be related to the short duration of the 
experiment and to the difficulties in quantification of histolog- 
ic changes. In contrast, following 6 days of TNF infusion, 
pulmonary consolidation was readily apparent. In additional 
studies, we examined lungs from animals receiving TPN and 
TNF at the same dose over 6 days. Animals demonstrated a 
30% mortality rate and exhibited severe respiratory distress, 
with tachypnea and frothing from the nostrils. Most of the 
lungs from the surviving animals demonstrated large areas of 
consolidation and hemorrhage, frequently involving the en- 
tire lung, and associated pleural effusions. Thus, it was impos- 
sible to perform any meaningful volume-pressure measure- 
ment in these lungs. These observations suggest that long- 
term administration of TNF in the doses used in this study 
also induces severe pulmonary dysfunction resembling that in 
the severe phases of clinical ARDS. 

This study demonstrates a clear effect of TNF on pulmo- 
nary mechanics. It is not known whether TNF exerts this 
effect directly or stimulates the elaboration of other lympho- 
kines or other mediators, such as leukotrienes, thrombox- 
anes, and free oxygen radicals.”” Tumor necrosis factor may 
be involved in the activation of a cascade of events leading to 
functional and structural alterations similar to those observed 
in ARDS. Attempts to block the action of the other well- 
known mediators of this syndrome have failed in clinical 
practice to prevent the progression of ARDS.” It may now 
be appropriate to evaluate the blockade of TNF to determine 
if normal lung structure and function can be preserved during 
sepsis and other inflammatory diseases. 
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Discussion 


NICHOLAS V. CHRISTOU, MD, Montreal, Canada: This report 
demonstrated very nicely that if you give a rather hefty dose of TNF 
to rats you can measure abnormalities in their lungs. 

There was significant gut failure with diarrhea in some of the 
animals, yet no respiratory failure was seen. Why did you not see 
changes in the respiratory rate of the animals? Have you done any 
measurements of PO, that indicate that there is some effect other than 
in vitro measurements of lung stiffness, etc? 

You mention that there is increased cellularity. Have you looked at 
the myeloporoxidase content of the lungs to try to differentiate 
whether increased neutrophils, which are thought to be the purvey- 
ors of damage in this syndrome, are coming into the lungs? 

I also ask the standard question as to the purity of the TNF; are you 
sure you are infusing only TNF and nothing else? 

JOSEPH WEST, MD, St Louis, Mo: In other reports looking at the 
infusion of TNF into animals, there is often very profound hypoten- 
sion. We know clinically that hypotension alone, for example, after 
rupture of an intra-abdominal aneurysm, can initiate ARDS. Do you 
have any hemodynamic data on these animals? To what extent were 
they resuscitated when they received the TNF? Is this an effect of 
hypotension or a combined effect of hypotension and TNF? 

MARC E. LANSER, MD, Boston, Mass: Did you inject any other 
protein as a control? Could this be a reaction toa foreign protein over 
24 hours? 

DR FERRARI-BALIVIERA: We did not measure the blood gas ten- 
sion in the rats. At the end of the 24-hour infusion, some rats had loose 
bowel movements, some diarrhea, but we did not observe any clinical 
sign of respiratory dysfunction. The animals were not gasping, and 
their respiratory rates were normal. 

We did not investigate the type of cellular population that infiltrat- 
ed the lung. We did not see an increased number of polymorphonucle- 
ar leukocytes or other cells. We saw by histologic examination that 
some of the TNF-treated animals had focal inflammatory infiltration 
after 24-hour infusion. 

In additional studies, some animals were given TNF infusion for 6 
days. After 6 days these animals had clear signs of respiratory failure, 
and the lungs showed consolidation and signs of cellular infiltration. 

RICHARD L. SIMMONS, MD, Pittsburgh, Pa: I know you used pure 
recombinant TNF, but did you neutralize the TNF with monoclonal 
antibody? 

DR FERRARI-BALIVIERA: No, we did not try it. 
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Delayed Administration of Tissue Plasminogen 


Activator Reduces Intra-abdominal 


Abscess Formation 


Donna I. McRitchie, MD; Derek Cummings; Ori D. Rotstein, MD 


è Previous studies demonstrated that intraperitoneal fibrino- 
lysis using tissue plasminogen activator (t-PA) prevented intra- 
abdominal abscess formation in a rat fibrin clot infection model 
when administered simultaneously with the infecting inoculum. 
To more closely mimic the clinical setting, the efficacy of delayed 
administration of t-PA on intra-abdominal abscess formation 
was examined. A delay of 2, 6, and 18 hours had no effect on the 
rate of abscess formation but did reduce abscess size, indicating 
partial fibrinolysis. Since fibrin clots dehydrate in vivo, we hy- 
pothesized that a higher concentration of t-PA might be neces- 
sary to effect complete abscess resolution. High-dose t-PA 
(0.1 mg/mL) prevented abscess formation following a 6-hour 
delay and reduced mean weight following an 18-hour delay. 
Since heparin sodium may prevent new fibrin deposition and 
enhance t-PA activity, it was combined with t-PA to investigate 
potential synergistic effects. Despite adequate anticoagulation 
with heparin, no synergy with t-PA could be documented. In 
addition, the combination of antibiotics with t-PA did not affect its 
efficacy in vivo. We demonstrate that delayed administration of 
t-PA is effective in preventing abscess formation and may have 
implications for the clinical setting where initial surgical inter- 
vention is usually delayed. 

(Arch Surg. 1$89;124:1406-1410) 


espite advances in hemodynamic monitoring, antibiotic 

L7 therapy, and surgical technique, the mortality associ- 
ated with secondary bacterial peritonitis remains high.’ Mor- 
tality rarely results from the acute bacteremic insult associat- 
ed with peritoneal soiling. Instead, these patients usually 
succumb to the chronic sequelae of peritonitis, namely persis- 
tent or recurrent intra-abdominal infection, chronic low- 
grade sepsis, and eventually multisystem organ failure.” The 
emergence of this new pattern of complications from bacterial 
peritonitis has led to the investigation of host peritoneal 
defense mechanisms, with the hope that strategies may be 
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developed to prevent residual intra-abdominal infection and 
its consequences. 

Three major local defense mechanisms are operative within 
the peritoneal cavity: simple mechanical clearance of bacteria 
via diaphragmatic lymphatic channels,’ phagocytic clearance 
by inflammatory cells,* and finally, local containment of bacte- 
ria through entrapment within inflammatory fibrinous exu- 
dates.° Studies by Zinsser and Pryde’ demonstrated that this 
trapping function effectively prevented bacteremia associ- 
ated wita an acute bacterial spill into the peritoneal cavity. 
However, while this mechanism probably serves to prevent 
the acute mortality from bacteremia, subsequent studies 
have suggested that this entrapment also affords the bacteria 
a relatively protected environment removed from the usual 
host phagocytic clearance mechanisms."* As a consequence of 
this normal walling-off process, ultimate resolution of the 
infected focus may be impaired, thereby predisposing to re- 
sidual infection in the peritoneal cavity. 

With the basic premise that residual infected fibrin depos- 
its may serve as a focus for subsequent abscess formation, 
several elinical strategies have been proposed to deal with 
this problem. These include procedures such as “radical peri- 
toneal débridement” designed to remove all residual exu- 
dates,” as well as multiple relaparotomies to seek out and 
remove recurrent septic foci.” All have attempted to tip the 
balance in favor of host clearance of residual infection. How- 
ever, no single maneuver has proved successful in preventing 
the late septic consequences of peritonitis. 

One a ternative approach to the clearance of fibrinous exu- 
dates is via enzymatic débridement. Previous studies from 
our laboratory demonstrated that intra-abdominal fibrinoly- 
sis using the fibrinolytic enzyme, tissue plasminogen activa- 
tor (t-PA), effectively prevented abscess formation when 
adminiscered intraperitoneally simultaneously with the in- 
fecting ‘noculum.””” In contrast to these controlled experi- 
mental conditions, the clinical setting is invariably associated 
with a significant delay between the onset of peritonitis and 
surgical intervention. The purpose of the present studies was 
to examine the efficacy of delayed intraperitoneal administra- 
tion of t-PA on subsequent abscess formation in a rat intra- 
abdominal sepsis model. 
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MATERIALS AND METHODS 
Preparation of Bacteria 


Stock cultures of Bacteroides fragilis were maintained at — 70°C in 
thioglycolate (Difco Laboratories, Detroit, Mich). Frozen cultures 
were thawed, and aliquots (0.2 mL) were inoculated into tubes con- 
taining 20 mL of minimal growth media as described by Namavar et 
al. The tubes were incubated for 18 to 20 hours at 35°C in an 
anaerobic chamber (Forma Scientific, Marietta, Ohio), which main- 
tained an atmosphere of 85% nitrogen, 10% hydrogen, and 5% carbon 
dioxide. At the end of this incubation period, bacteria were in early 
stationary phase and numbered 5 x 10° to 5 x 10° colony-forming units 
(CFU)/mL. 

To prepare B fragilis for use in vivo, the culture was removed from 
the anaerobic chamber, pelleted by centrifugation (1800g Zor 20 min- 
utes) and resuspended in prereduced Hank’s balanced salt solution 
(GIBCO, Grand Island, NY), supplemented with 0.05 mg/dL of cyste- 
ine hydrochloride (Sigma Chemical Company, St Louis. Mo). For 
enumeration of viable bacteria, resuspended B fragilis was serially 
diluted inprereduced Hank’s balanced salt solution, surface plated on 
supplemented brain-heart infusion agar, and counted following 48 
hours of anaerobic incubation at 35°C. 


Preparation of B fragilis—infected Fibrin Clots 


Human fibrinogen (Sigma Chemical Company) was dissolved in 
calcium-free Dulbecco's phosphate-buffered saline (Irvine Scientific, 
Irvine, Calif), Pore-limit dialysis using a 10000-molecular weight 
cutoff was performed at 4°C overnight to remove sodium citrate. The 
fibrinogen was sterilized by UV irradiation for 20 minutes and the 
concentration adjusted to 100 mg/dL with phosphate-buffered saline 
using a Lanser Fibrinogen Analyser (Sherwood Medical Industries, 
St Louis, Mo). Thrombin (Parke-Davis Canada Ltd, Scarborough, 
Ontario) was suspended in distilled water to a concentration of 30 
IU/mL. Inthe anaerobic chamber, 1.4 mL of fibrinogen was added to 
each 75 x 12-mm polystyrene tube. A 0.4-mL aliquot of B fragilis 
containing 2 x 10° CFU was added to the fibrinogen solution and the 
mixture was clotted with 0.2 mL of thrombin. 


Rat Model of Intra-abdominal Infection 


Male Wistar rats, anesthetized with a halothane-nitrous 
oxide-oxygen mixture, were inoculated intraperitoneally with a B 
fragilis—iniected fibrin clot via a midline laparotomy incision. The 
abdomen was closed with a running 3-0 polypropylene suture. In this 
model, previous studies have shown that single well-defined abscess- 
es are generated that can be readily excised for assessment.” At 
times of 0, 2, 6, and 18 hours, the animals were randomly assigned to 
receive a single treatment by epen peritoneal lavage with 4 mL of 
Hank's balanced salt solution or varying concentrations of t-PA dilut- 
ed in Hank's balanced salt solution. This was accomplished by anes- 
thetizing the animals, opening the peritoneal cavity through the 
previous incision, and identifying the residual infected fibrin clot. 
Once identified, the clot was gently teased away from surrounding 
tissues and the peritoneal cavity lavaged with the appropriate solu- 
tion. The isolation of the infected fibrin nidus and the lysis o7 peritone- 
al adhesions were performed to mimic the clinical scenario of laparot- 
omy for diffuse fibrinopurulent peritonitis. Following operation, the 
animals were allowed unrestrained access to their usual chow and 
water. Animals were monitored daily for well-being and mortality. 
At the end of 5 days, the animals were weighed and sacrificed, and the 
peritoneum was inspected. Abscesses, if present, were excised and 
weighed. 


Statistics 


Rates of abscess formation in the 2- and 6-hour delayed group 
(0.1 mg/mL of t-PA) were compared by Fisher’s Exact Test. Abscess 
weights inthe 2- and 6-hour delayed group (0.01 mg/mL of t-PA) were 
analyzed by Student’s ¢ test. Am analysis of variance was performed 
on 18-hour abscess weight data followed by a studentized t-range 
statistic for intertreatment comparisons. 


RESULTS 
Effect of Delayed t-PA Administration 
on Intra-abdominal Abscess Formation 


Low-Dese t-PA.—Previous studies using this model 
showed that 0.01 mg/mL of t-PA prevented abscess formation 
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if given at the time of the initial infecting inoculum."” In 
agreement with these studies, t-PA administered at the time 
of infection completely obviated abscess formation. Tissue 
plasminogen activator administered at both 2 hours and 6 
hours following insertion of the infected fibrin mesh reduced 
mean abscess weight compared with control (P<.001 and 
P<.05, respectively) but had no effect on the rate of abscess 
formation. Following an 18-hour delay, this concentration of 
t-PA had no effect on abscess rate or weight (Fig 1). 

High-Dose t-PA.—Inspection of the residual fibrin mesh 
removed 2, 6, and 18 hours following insertion revealed 
that the fibrin clot became progressively dehydrated and con- 
tracted. It was hypothesized that low-dose (0.01 mg/mL) 
t-PA might be inadequate to effect total resolution of this 
denser fibrin matrix. This was tested initially in vitro by 
removing residual clots from the peritoneal cavity after 6 
hours of incubation in vivo and testing them for their resis- 
tance to t-PA lysis in vitro. As shown in Fig 2, high-dose t-PA 
(0.1 mg/mL), but not low-dose t-PA, was able to completely 
lyse the fibrin mesh in vitro. When applied to the in vivo 
setting (Fig 3), high-dose t-PA significantly reduced the rate 
of abscess formation when administered 2 and 6 hours follow- 
ing insertion of the infected fibrin matrix (P<.001). Following 
an 18-hour delay, the rate of abscess formation was the same 
between groups but the mean abscess weight was reduced in 
t-PA-treated animals (P<.05). 
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Fig 1.—Effect of delayed administration of Hank's balanced salt solu- 
tion (lighter shaded bars) vs low-dose tissue plasminogen activator 
(0.01 mg/mL) (darker shaded bars) on rate of abscess formation and 
mean abscess weight. Fractions express number of abscesses/total 
number of animals. An asterisk indicates P<.05 vs Hank's balanced 
salt solution; vertical bar, SE. 
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Fig 2.—Infected clots removed after a 6-hour in vivo incubation and 
placed in Hank's balanced salt solution (squares), 0.01 mg/mL of 
tissue plasminogen activator (diamonds), or 0.1 mg/mL of tissue 
plasminogen activator (triangles). In vitro clot lysis over time is 
illustrated. 
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Fig 3.—Effect of delayed administration of Hank’s balanced salt solu- 
tion (lighter shaded bars) vs high-dose tissue plasminogen activator 
(0.1 mg/mL) (darker shaded bars) on rate of abscess formation and 
mean abscess weight. Fractions express number of abscesses/total 
number of animals. Am asterisk indicates a significance in rate of 
abscess formation of F<.001 vs Hank's balanced salt solution; two 
asterisks, a significance in weight of P<.05 vs Hank's balanced salt 
solution; and vertical bar, SE. 


Interaction of t-PA With Heparin and Antibiotics 


Several studies have suggested that heparin is capable of 
enhancing plasminogen activator-induced fibrinolysis in vi- 
tro. *® To examine the ability of heparin to enhance the effect 
of t-PA with respect to abscess formation in vivo, anticoagu- 
lating doses of heparin sodium (50 U intraperitoneally plus 
100 U subcutaneously) were administered simultaneously 
with a suboptimal concentration of t-PA (0.01 mg/mL) 6 hours 
after insertion of the infected fibrin clot. Despite adequate 
systemic anticoagulation with heparin (Table), it did not 
augment the ability of t-PA to reduce abscess formation 
(Fig 4). 

In a further attempt to mimic the clinical setting, the effect 
of systemic antibiotics was also investigated. Clindamycin 
phosphate (100 mg/kg intramuscularly) has been shown to 
adequately penetrate experimental abscesses and reduce 
bacterial numbers.” However, when administered to animals 
in conjunction with t-PA, no synergistic effects were ob- 
served (Fig 5). 


COMMENT 


Fibrin deposition in response to bacterial peritonitis is an 
important host defense mechanism, serving to sequester bac- 
teria and prevent their otherwise easy access to the systemic 
circulation. However, several lines of evidence suggest that 
bacterial trapping within fibrinous exudates may, in fact, 
predispose to residual infection and subsequent abscess for- 
mation by impairing host phagocytie cell function. In vitro 
studies have shown that fibrin matrices impair the ability of 
phagocytic cells to ingest bacteria’ and to migrate.* In the in 
vivo setting, indirect evidence for the role of fibrin in the 
pathogenesis of abscesses is provided by studies in which 
anticoagulation or fibrinolysis, at the time of initial infection, 
effectively prevents abscess formation.” The significance 
of these animal studies as they relate to clinical disease has 
been difficult to define. Indeed, in a randomized controlled 
study, Polk and Fry’ were unable to demonstrate improved 
outcome using “radical peritoneal débridement,” the mechan- 
ical analogue to enzymatic fibrinolysis. 

The present studies were designed to examine the efficacy 
of fibrinolysis using t-PA in a model mimicking the clinical 
situation, where initial intervention was delayed. Low-dose 
t-PA (0.01 mg/mL), although effective when given at the time 
of infection, did not prevent abscess formation when delayed 
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Systemic Anticoagulation* 


Treatment No. of Subjects PT, s PTT, s 


Contro! 2 10.45 (0.45) 15.15 (0.75) 


HBSS 4 12.50 (0.28) 20.33 (0.65) 


HBSS and heparin 5 12.84 (0.35) 50.18 (14.76) 
t-PA (001 mg/mL) 3 11:67 (1.02) 18.73 (1.97) 
t-PA and heparin 5 13.66 (1.46) 49.98 (15.37) 


*The data were obtained 4 hours after treatment and are expressed as the 
mean (SE. HBSS indicates Hank’s balanced salt solution; t-PA, tissue 
plasminogen activator; PT, prothrombin time; and PTT, partial thromboplastin 
time. 
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Fig 4.— Efect of heparin on the rate of abscess formation and mean 
abscess weight. All treatments (Hank's balanced salt solution [HBBS] 
vs 0.01 of mg/mL tissue plasminogen activator [t-PA] without [lighter 
shaded bars] and with [darker shaded bars] heparin) were given after a 
6-hour delay. Fractions express number of abscesses/total number of 
animals. NS indicates not significant; vertical bar, SE. 
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HBSS vs t-PA 
Fig 5.—Effect of antibiotics on abscess formation. Tissue plasmino- 
gen activator (t-PA) (0.01 mg/mL) or Hanks balanced salt solution 
(HBBS) without (lighter shaded bars) and with (darker shaded bars) 
antibiotics were administered following a 6-hour delay. Fractions ex- 
press number of abscesses/total number of animals. NS indicates not 
significart; vertical bar, SE. 


for more than 2 hours. This dose of t-PA was selected because 
it was the minimal concentration capable of effecting rapid 
lysis of a newly formed clot in vitro and also capable of 
complete abscess prevention in vivo.” At lower concentra- 
tions (0 001 mg/mL), t-PA failed to obviate abscess formation 
but caused partial fibrinolysis, as evidenced by reduced ab- 
scess weight.” In the present studies, a concentration of 
0.01 mg/mL reduced abscess weight without preventing ab- 
scess farmation, presumably due to incomplete fibrinolysis. 
Indeed. one might have expected this result, since other 
investigators have demonstrated that older clots are more 
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resistant to fibrinolysis,” due to clot impaction and increased 
alpha chain cross-linking.” We therefore postulated that this 
concentration of t-PA was too low to produce total clot resolu- 
tion. Indeed, this was confirmed in vitro. Low-dose t-PA was 
unable to cause complete lysis of the 6-hour clot, while high- 
dose t-PA was rapidly effective. In further support of this 
hypothesis, high-dose t-PA was found to be effective in ab- 
scess prevention even with a 6-hour delay in administration. 
The failure of low-dose t-PA to cause clot lysis in vitro also 
makes it unlikely that it failed to work in vivo due to the 
presence of a soluble” or a cell-associated plasminogen activa- 
tor inhibitor in the peritoneal cavity.” However, this possibil- 
ity requires further study. 

Heparin may potentially enhance the effect of t-PA in vivo 
by at least two mechanisms. First, studies have demon- 
strated that heparin can augment plasminogen activator-in- 
duced fibrinolysis.""* Second, since the presence of fibrin 
deposits represents a dynamic balance between fibrin deposi- 
tion and lysis, anticoagulation may increase the apparent 
fibrinolytic activity of t-PA.“” However, despite these ap- 
parent effects of heparin and the documented evidence of in 
vivo anticoagulation, we were unable to demonstrate a hepa- 
rin effect either alone or in combination with t-PA. Previous 
studies using heparin demonstrated its ability to prevent 
abscess formation when administered prior to fibrin deposi- 
tion.” The fibrin clot sepsis model mimics the clinical setting 
more closely in that the infected fibrin deposits were present 
at the time of initial treatment. Perhaps, in this model, where 
a large fibrin nidus is used for initiation of infection, the ability 
of heparin to enhance intrinsic fibrinolysis or to impair further 
fibrin deposition represents a negligible contribution to the 
overall fibrinolytic effect. Similar results were observed by 
Stassen et al” using a rabbit jugular vein thrombosis model. 
These authors also failed to demonstrate an enhancement of 
t-PA-induced fibrinolysis using heparin. However, low-mo- 
lecular-weight heparin fragments, in high concentrations, 
were able to potentiate t-PA-induced fibrinolysis. Al- 


though the mechanism is unclear, heparin fragments may 
have an improved antithrombin action compared with intact 
heparin.” 

In this model, antibiotics are incapable of preventing ab- 
scesses, even though they are able to penetrate the abscess 
cavity and decrease total bacterial numbers.” However, since 
bacteria and their by-products may contribute to abscess 
persistence, we hypothesized that antibiotics combined with 
partial fibrinolysis by low-dose t-PA might be able to enhance 
resolution of the infection. However, a single intramuscular 
dose of clindamycin at the time of t-PA administration did not 
have a measurable effect on abscess prevention. 

The present studies demonstrate the efficacy of intraperi- 
toneal fibrinolysis with t-PA in the prevention of intra-ab- 
dominal abscess formation. Tissue plasminogen activator re- 
mains effective in preventing abscesses even when 
administration is significantly delayed after the initiation of 
infection. These findings provide further credence to the 
central role of fibrin in the initiation and persistence of intra- 
abdominal infection. In addition, these studies suggest thera- 
peutic applications to the clinical setting of fibrinopurulent 
peritonitis. While exerting little or no effect on wound healing 
or systemic coagulation parameters,” intraperitoneal t-PA is 
capable of enzymatically débriding the peritoneal cavity to 
effectively remove residual septic foci. Its use at the time of 
the initial surgical intervention, or postoperatively via open 
peritoneal lavage, may serve to improve the outcome of surgi- 
cal management in patients with fibrinopurulent peritonitis. 
Careful, well-stratified studies in a high-risk patient popula- 
tion are clearly required to confirm the beneficial role of t-PA 
in this clinical setting. 
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Discussion 


DONALD FRY,MD, Albuquerque, NM: The first part of this discus- 
sion would have to focus on whether abscess is good or bad. The 
authors obviously are of the opinion that abscess formation is neces- 
sarily a bad thing that needs to be avoided. I have always taken the 
view that abscess as a phenomenon represents a nonspecific host 
response to dealing with densities of bacteria and adjuvant sub- 
stances that cannot be dealt with by the ordinary host defense. 
Hence, mechanistic efforts to try and prevent abscess formation may 
actually prove te be deleterious to the host in that an important 
nonspecific host defense mechanism will have been impaired. Indeed, 
the authors have alluded to the fact that fibrin may prevent bacter- 
emia from occurring. 

One of the pivotal features of this particular study is why the 
authors chose to use the microorganism that they did. The selection of 
a pure culture of B fregiiis is inconsistent with the microbiologic 
organisms that ene would ordinarily identify in abscesses in intra- 
abdominal infection, and the Bacteroides organism by itself does not 
have a particularty great degree of virulence or invasiveness. 

Indeed, there are numerous studies that show that you really 
cannot kill rats or even really make them sick with large inocula 
intravenous infusions of B fragilis. 

I guess one of the important questions to pose to the authors is, 
have you done any of these studies looking at lipopolysaccharide- 
bearing microorganisms? I would be very interested to know, for 
example, if Escherichia coli were used would one see an increase in 
the bacteremic deaths. In essence, one would have traded off pus for 
increased mortality rates in the model. 

One of the other impertant issues to be addressed in this study is 
that as the inflammatory process proceeds, I am assuming that the 
rat is contributing some of its own fibrin to what is a human plug that 
has been put into the abdomen. Another important question is, does 
human recombinant t-PA lyse brin clot that is from rat origin? Since 


I am assuming your fibrin clot came from human sources, one of the 
reasons that one is seeing a loss of effect with time is that perhaps the 
t-PA, the recombinant human t-PA, does not have activity against 
the rat fibrin. I would be interested to know whether there is evi- 
dence that human t-PA attacks fibrin regardless of its origin. 

DR MCRITCHIE: I think Dr Fry has brought up some very interest- 
ing points. First ofall, the reason that we used B fragilis was because 
it is a well-characterized “abscessogenic” microorganism, and in 
these particular studies we were interested primarily in modulating 
the ability of the animal to form abscesses. Therefore, we chose 
B fragilis. 

Have we done studies using E coli? Yes, those studies have been 
done previously and this brings out an important point regarding why 
fibrin deposition can be viewed as a “double-edged sword,” being both 
beneficial and detrimental. It is beneficial in that it sequesters the 
bacteria within the peritoneal cavity and prevents systemic bacter- 
emias, but detrimental in that it predisposes to abscess formation. If 
you administer t-PA after you have inserted a clot containing E coli, 
you get an E coli bacteremia and the animals succumb quite quickly. 
The way around this, of course, is to administer the t-PA and systemic 
antibiotics at the same time. We have done this and it does prevent 
mortality, so we can address both issues. We can prevent the abscess- 
es with the t-PA and we can prevent the systemic effects of an E coli 
bacteremia by the administration of systemic antibiotics. 

The final question concerned whether t-PA can cause lysis of rat 
fibrin. We have done several studies using plasminogen-free human 
fibrinogen and inserted these clots into the peritoneal cavity with 
subsequent removal for in vitro studies. Tissue plasminogen activa- 
tor can still completely lyse these clots, which means that it is 
attacking plasminogen that has been laid down by the rat in vivo. 
Thus, I think the answer to that question is, yes, t-PA can lyse rat 
fibrin since it is capable of activating rat plasminogen. 


In Other AMA Journals 
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Merkel Cell Carcinoma: A Successful Treatment With Tumor Necrosis Factor 
Yoshiko Ito, MD; Kuniko Kawamura, MD; Takako Miura, MD; Kowichi Ueda, MD; Hideo Onodera, MD; 
Hiroyuki Takahashi, MD; Takashi Horikoshi, MD; Sadao Sugiyama, MD; Makoto Takahashi, MD 


A Merkel cell carcinoma of the mandibular area in a 78-year-old woman was treated successfully by direct 
intratumoral administration of recombinant human tumor necrosis factor. The patient received 2.5 x 10° U/d 
of recombinant human tumor necrosis factor every other day. A total of six injections (total dose, 1.5 x 10° 
U, 0.52 mg of protein) were administered over a period of 12 days. Soon after the therapy ended, the lesion 
softened and decreased in size. After 1 month, only erythema was visible. The lesion had completely 
disappeared clinically and histologically 5 months after the local injection of recombinant human tumor 
necrosis factor. Neither recurrence nor metastasis has been observed for at least 12 months following the 
treatment. Recombinant human tumor necrosis factor is suggested to be effective for the treatment of 
Merkel cell carcinoma (Arch Dermatol. 1989;125:1093-1095). 

Reprint requests to Department of Dermatology, Sapporo Medical College, Minami 1, Nishi 16, Sapporo 060, Japan (Dr 


Ite). 
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Enhanced Effectiveness of Intraperitoneal 


Antibiotics Administered via 


Liposomal Carrier 


Carl I. Price, MD; Jureta W. Horton, PhD; Charles R. Baxter, MD 


èe The loca! application of antibiotics to treat intraperitoneal 
contamination has been used with variable results. Liposomes 
are not rapidly absorbed from the peritoneal cavity, offering a 
potential delivery system for intraperitoneal antibiotics. The ef- 
fects of liposome-incorporated antibiotic administration in a fe- 
cal peritonitis model were compared with the effects of conven- 
tional intraperitoneal and intramuscular antibiotics. Rats were 
divided into four groups: untreated, intramuscular cefoxitin, in- 
traperiteneal cefoxitin, and intraperitoneal liposome-incorpo- 
rated cefoxitin. Quantitative blood cultures were drawn at 4 and 
24 hours. Liposome delivery of cefoxitin significantly reduced 
mortality and bacteremia at 4 and 24 hours compared with con- 
trol subjects and conventional antibiotic groups. Peritoneal ab- 
scess formation tended to decrease in the liposome antibiotic 
group (mean SEM, 6.86 + 0.79) compared with the group receiv- 
ing free intraperitoneal administration of antibiotics (10.33 + 
1.63). We conclude that liposomal delivery significantly en- 
hancesithe effectiveness of cefoxitin in this model of peritonitis. 

(Arch Surg. 1989;124:1411-1415) 


ocal instillation of antibiotics or irrigation of the peritone- 

al cavity with antibiotics has been used in cases of 
contamination and to treat peritonitis by some surgeons. In 
support of this practice numerous reports have shown fewer 
infectious complications in cases of contamination and in high- 
risk biliary surgery when local antibiotics are used.’* Also, 
patients undergoing chronic ambulatory peritoneal dialysis 
who develop peritonitis are routinely treated with local anti- 
bioticsadministered into the peritoneal cavity via the contin- 
uous ambulatory peritoneal dialysis catheter with good re- 
sults.’ There are, however, theoretical drawbacks to the local 
peritoneal use of antibiotics. Rapid absorption of antibiotics 
from the large surface area of the peritoneal cavity may result 
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in unintended systemic side effects and, in addition, this rapid 
absorption may rapidly decrease the concentration of antibi- 
otics in the peritoneal cavity.* 

Recent studies have suggested that liposomes, lipid mem- 
brane-bound spheres resembling empty cells that can be 
loaded with numerous pharmacologic agents, may offer new 
and effective means of local drug delivery. Several character- 
istics of liposomes are important for the local administration 
of drugs. The large size of liposomes prevents them from 
crossing capillary membranes so that both spheres and the 
entrapped pharmacologic agent tend to stay in the intravas- 
cular or extravascular space where initially applied.*”” Also, 
liposomes are recognized and phagocytized by the reticuloen- 
dothelial system, which may enhance the effectiveness of 
antibiotics in certain infections." In the peritoneal cavity, 
the liposome delivery of antibiotics offers the potential for 
increased and sustained local concentration of antibiotics with 
decreased systemic side effects, and may, in fact, offer thera- 
peutic advantages in certain situations because of the reticu- 
loendothelial system clearance of liposomes. ” 

This study was designed to explore the use of liposomes in 
local intraperitoneal (IP) antibiotic delivery and to determine 
if therapeutic advantages exist with liposome antibiotic deliv- 
ery compared with conventional routes and methods of antibi- 
otic administration. 


METHODS 


Adult Sprague-Dawley rats (n=82) weighing between 300 and 
400 g were anesthetized using methoxyflurane inhalation anesthetic. 
Peritonitis was initiated using the method described by Nichols et 
al,” and consisted of a 0.3-mL fecal slurry/barium sulfate inoculum of 
known microbial composition (Fig 1) that was placed in a gelatin 
capsule. The capsule was inserted into the abdominal cavity through a 
lower abdominal incision. The wound was closed in twa layers with 
nonabsorbable sutures in the fascia and surgical staples in the skin. 
Three animals were placed in each cage and allowed food and water ad 
libitum. 

One milliliter of blood was drawn from each anima! by cardiac 
puncture under sterile conditions at 4 and 24 hours after inoculum. 
This blood was used for blood cultures and white blood cell (WBC) 
counts. Quantitative cultures were done using McConkey’s agar. 
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Aerobic Organisms 


Anaerobic Organisms 
10 Escherichia coli 10’ Bacteroides ovates 
10’ Bacteroides vulgatis 
10’ Clostridia Species 


10’ Enterobacter 
10° Streptococcal Species 
10° Klebsiella 


Fig 1.—The micrebial composition of the fecal inoculum. 
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Fig 2.—All values are mean + SEM of the positive blood culture results 
measured at 4 and 24 hours. The colony-forming units per milliliter of 
blood are the mean + SEM of all culture results with negative culture 
results included in the average as zero. IM indicates intramuscular; IP, 
intraperitoneal. Asterisk indicates P<.05. 


White blood cell counts were determined with a Coulter counter 
(model ZBI, Coulter Electronics Inc, Hialeah, Fla). 

After induction of peritonitis, animals were divided into four ex- 
perimental groups: group 1 (n=20) was untreated; group 2 (n= 15) 
was treated with cefoxitin, 1.5 mg/kg intramuscularly (IM) at the 
time of peritoneal eontamination; group 3 (n= 15) was treated with 
cefoxitin, 1.5 mg/kg IP at the time of peritoneal contamination; and 
group 4 (n=15) was treated with liposome encapsulated cefoxitin, 
1.5 mg/kg IP at the time of peritoneal contamination. Additional rats 
(n=17) received either free tobramycin (10 mg/kg’ or liposome- 
encapsulated tobramycin (10 mg/kg) given IP at the time of peritoneal 
contamination, and serum levels of tobramycin were determined 
using an immunoassay technique (E MIT, Tobramycin assay kit, Syva 
Co, Mountain View, Tex). Tobramycin was used for these absorption 
studies because the assay was readily available. 

At 7 days, all surviving rats in groups 1 through 4 were killed and 
the IP abscesses were assessed. Only abscesses that were 1 mm in 
size, were discrete m nature, and had gross purulence present were 
counted. 

A proprietary form of liposomes (Solvent Dilution Microcarriers, 
Fountain Pharmaceutical Ine, Knoxville, Tenn), composed of soy 
phosphatides, were prepared and had a mean size of 0.34 um. The 
drug was incorporated intathe sterile liposome and kept refrigerated 
until use. Liposomes were used within 48 hours of preparation. 

Statistical analysis was performed using analysis of variance 
(ANOVA) and Fisher’s Exact Test where appropriate. 


RESULTS 


The blood cultures for all untreated animals were positive 
and Escherichia coli was the predominant organism isolated. 
Animals treated with either IM or IP free cefoxitin had 
significantly fewer numbers of organisms in the blood than 


1412 Arch Surg—Vol 124, December 1989 











iM Cefoxitin 
Liposome 
IP Cefoxitin 


IP Cefoxitin 





Fig 3.—The negative blood culture results were obtained in the intra- 
muscular (IM) cefoxitin, intraperitoneal (IP) cefoxitin, and liposome 
IP cefoxitin groups. There were no negative cultures for untreated 
animals. 
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Positive Culture Results at 24 h 
Fig 4.—Blood culture results were calculated after excluding the nega- 
tive culture results in all treatment groups. This calculation more 
accurately assessed the level of bacteremia in those animals with 
positive blood culture results. IM indicates intramuscular; IP, intraperi- 
toneal. Asterisk indicates P<.05. 


the untreated animals 4 and 24 hours after contamination. 
However, neither IM nor IP routes of free cefoxitin adminis- 
tration demonstrated an advantage in terms of lower bacteri- 
al counts when compared with one another. Intraperitoneal 
administration of liposome-encapsulated cefoxitin resulted in 
a significant reduction in baeteremia at both 4 and 24 hours 
compared with untreated animals as well as animals treated 
with either IM or IP free cefoxitin (Fig 2). 

None of the blood cultures for the untreated animals were 
negative. Animals treated with IM cefoxitin had 16% nega- 
tive cultures compared with 6% negative cultures in animals 
treated with IP cefoxitin. Cultures were negative in 56% of 
the animals with IP liposomes (Fig 3). 

To more accurately assess the level of bacteremia and for 
statistical considerations, the blood culture results were re- 
calculated and the cultures with negative results excluded. 
The relative number of organisms in each group remained 
consistent (Fig 4) and confirmed fewer circulating organisms 
after all treatment regimens compared with untreated ani- 
mals. Furthermore, liposome-encapsulated IP cefoxitin was 
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Fig 5.—Survival was assessed at 7 days in all groups. IM indicates 
intramuscular; IP, intraperitoneal. 
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associated with fewer organisms than either treatment group 
at both 4 and 24 hours. 

Survival data paralleled the blood culture results. Un- 
treated animals had 10% survival. There was a 33% survival 
rate in animals treated with IM cefoxitin compared with 80% 
survival in animals treated with IP cefoxitin. Treatment with 
liposome-encapsulated cefoxitin produced 100% survival. 
Most deaths eccurred in the first 48 hours after inoculation, 
and no deaths-occurred after 4 days (Fig 5). 

The mean (=SEM) number of abscesses for animals 
treated with IM cefoxitin was 9.2+2.32. Animais treated 
with IP cefoxitin had 10.33+1.68 abscesses while those 
treated with IP liposome cefoxitin had 6.86 + 0.79 abscesses. 
The difference in treatment groups was not statistically sig- 
nificant. Assessment of untreated animals was not possible 
because too few animals survived a sufficient time for abscess 
formation. 

Peripheral WBC counts demonstrated that untreated ani- 
mals had statistically lowernumbers of circulating WBCs at 4 
hours compared with treatment groups. At 24 hours this 
difference was ablated, and WBC counts were similar in all 
groups (Table). 

In animals given free IP tobramycin (n=7), the mean 
(+SEM) serum tobramycin levels 4 hours after fecal inocula- 
tion were 4.3 = 0.83 mg/L and at 24 hours, the serum tobramy- 
cin concentration levels were 1.1+0.35 mg/L. Animals given 
IP liposome-encapsulated tobramycin (n= 10) had 4-hour se- 
rum levels of 1.15+0.27 mg/L and 24-hour levels of 2.02+ 
0.28 mg/L (Fig 6). 


COMMENT 


Local antibiotic use, especially in irrigation of the peritone- 
al cavity, is a time-honored tradition of many surgeons. Sev- 
eral studies have supported this practice by demonstrating a 
decreased ineidence of infectious complications when local 
antibiotics are used.'*"* Other surgeons have been much less 
enthusiastic regarding local antibiotic use in the peritoneum. 
Objections to lecal antibictic use include rapid absorption 
from local areas such as the peritoneal cavity, resulting in 
rapidly decreasing local concentrations as well as systemic 
side effects. 

Liposomes have been used to deliver several pharmacolog- 
ic agents in experimental and clinical settings. Animal and 
clinical trials have explored the use of antineoplastic and 
antimicromial agents delivered by liposomal carriers, and 
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Fig 6.— Serum tobramycin concentrations in animals given either free 
or liposome-encapsulated intraperitoneal (IP) tobramycin. A de- 
creased absorption of tobramycin from the peritoneal cavity is sug- 
gested by the low and consistent level of tobramycin measured in the 
blood compared with the high 4-hour and low 24-hour tobramycin 
levels obtained with free IP tobramycin. 


therapeutic advantages have been reported.” In addi- 
tion, immunomodulators and vaccines have also been deliv- 
ered via liposomal carriers with encouraging results.” The 
efficacy of liposomes in these studies results from either 
increasing the concentration of a pharmacologic agent in an 
organ system (eg, the reticuloendothelial system or lung) or 
preventing the pharmacologic agent from concentrating in an 
organ where toxicity is a concern (eg, doxorubicin hydrochlo- 
ride [Adriamycin] in the heart). 

One aspect of liposome pharmacodynamics that has not 
been fully explored is the ability of liposomes to decrease 
systemic absorption of agents from a body cavity in which 
persistence of a drug would be advantageous. Hirano and 
Hunt” implied this advantage in their examination of IP 
liposomes, by demonstrating clearance of liposome-bound 
sucrose from the peritoneal cavity by way of the lymphatic 
system rather than by absorption into the blood. In addition, 
these authors demonstrated a persistence of sucrose in the 
peritoneum when given entrapped in liposomes. 

Consideration of these data suggest the possible advan- 
tages of local delivery of antibiotics in intra-abdeminal infec- 
tions and contaminations. In the present study, liposomal 
delivery of cefoxitin was associated with a greater number of 
negative cultures, lower levels of bacteremia, and increased 
survival compared with untreated animals or compared with 
animals treated with either free IM cefoxitin or free IP cefoxi- 
tin, indicating a persistence of cefoxitin in the peritoneal 
cavity. 

The tobramycin data support a peritoneal persistence of IP 
liposome antibiotics that may explain the increased efficacy of 
cefoxitin delivery by liposomes. Intraperitoneal delivery of 
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free tobramycin resulted in an initial increase in serum tobra- 
mycin levels at 4 hours followed by a marked reduction at 24 
hours. In contrast, liposome tobramycin produced a level of 
tobramycin in the serum at 4 hours that was sustained at 24 
hours. These data indicate the persistence of drugs in the 
peritoneal cavity and a sustained slow release with liposomal 
delivery of antibiotics. The trend toward fewer abscesses in 
animals treated with IP liposome cefoxitin further supports 
the peritoneal persistence of antibiotics with liposome 
delivery. 

The increased efficacy seen with liposome cefoxitin may 
also result from the recognition and uptake of liposomes by 
phagocytic cells in the peritoneum and the reticuloendothelial 
system. Since these same phagocytic cells and lymphatic 
components would also be responsible for bacterial clearance, 
the liposomal delivery of antimicrobials in this situation con- 
centrates antibiotics at the site of organism concentration. 
Finally, while the exaet interaction of liposomes with the 
immune system is not yet defined, some reports have indi- 
cated immune enhancement with liposome administration.’ 
The lack of quantitative difference in WBC count between 


animals given free cefoxitin and liposome-encapsulated cefox- 
itin suggests that liposomes have no effect on this gross 
measure of host response. 

In this model of peritonitis, IP administration of liposome- 
encapsulated cefoxitin resulted, after a single dose, in de- 
creased levels of bacteremia and an increased number of 
negative cultures compared with conventional IM and IP 
cefoxitin administration. In addition, IP liposomal cefoxitin 
significantly improved survival. 

Clinically, liposome encapsulation of IP applied antibacter- 
ials may offer advantages in situations such as penetrating 
trauma, where contamination is a major concern. Liposome- 
encapsulated antibiotics may also be beneficial in the treat- 
ment of abscesses and conditions such as necrotizing pancre- 
atitis. In these situations, combining drainage and 
débridement with locally increased antibiotic concentration 
after liposomal delivery may have a beneficial effect. com- 
pared with systemic antibiotics alone. While extrapolation of 
these animal data to clinical situations must be approached 
with caution, liposomal delivery of local antibiotics may offer 
real advantages and warrants continued investigation. 
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Discussion 


JOHN BOHNEN, MD, Toronto, Canada: This work adds to the 
growing list of studies that suggest that liposomal entrapment en- 
hances antibiotic efficacy. The authors have explored one possible 
mechanism of antibiotic enhancement by liposomes, that is, the main- 
tenance of a sustained high local concentration of the drug at the site 
of infection. The rationale makes sense and the blood culture data are 
interesting. However, I have some problems with the methods and 
interpretation of some of the data. 

The authors concluded in the abstract and the report but did not 
actually provide data to suppor? their conclusions that liposemal IP 
cefoxitin significantly reduces mortality compared with free IP cefox- 
itin. The difference between these two groups, however, was only 0 of 
15 deaths vs 3 of 15 deaths. This is not statistically significant; it 
comes out to P=.11 and requires a greater sample size to see if the 
trend continues. 

Another problem is the lack of assurance that cefoxitin did not leak 
out from the liposomes. This should be determined by direct measure- 
ment of the liposome entrapment efficiency before injection of the 
suspension. One must also include a control group that receives 
empty liposomes plus free antibiotic, not empty liposomes alone. 
Such a group would have the same expected outcome as rats that had 
received leaky liposomes. 

Your cefoxitin dose is more than 60 times lower than that used by 
other investigators in studies of cefoxitin in rat abdominal sepsis. 
Perhaps the IP route was superior to the IM route because only 
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peritoneal injection gave an adequate local concentration of the drug 
at any time. How did you arrwe at the cefoxitin dose? Second, it has 
been shown that liposome formulation, especially charge, affects 
clearance of liposomes from the peritoneal cavity. Please tell us what 
formulation and charge you used. 

MARK MALANGONI, MD, Louisville, Ky: I enjoyed your report 
very much and I think we’re all very excited that you’re emphasizing 
the importance of local drug concentrations in combating bacterial 
infection. I do think, however. that you have to address Dr Bohnen’s 
criticism about the dose of cefoxitin you chose, which is very low. I 
wonder why you didn’t measure cefoxitin concentrations. It’s easily 
done and would have added quite a bit to your conclusions about the 
need to correlate the local antibiotic concentration with its effect. 

The other question I have relates to some information in your 
abstract in which the two groups treated with IM and IP cefoxitin had 
higher natural log blood cultures at 4 hours than the untreated group. 
Do you have an explanation for that? 

RICHARD HOWARD, MD, Gainesville, Fla: Could you speculate 
about what possible clinical advantages liposome-entrapped cefoxitin 
might have over treating patients with intravenous antibiotics, since 
previous studies have shown that you could get essentially the same 
concentration of intravenously administered antibiotics in peritoneal 
ascitic fluid that you could in the blood. Second, why did you give your 
data using the natural logarithms rather than to the base 10 as we 
usually do? 
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GLENN W. GEELHOED, MD, Washington, DC: I have a question 
regarding the activity of liposome itself in correlation with the data 
presented in the prior report. Is there any direct activity cf liposome 
on the entrapment, either phagocytosis or fibrin entrapment, of any 
sort? I was happy to see your control group receiving the liposome 
alone; however, it does not explain the rather strikingly similar 
nature of both the bacteremia and the mortality rates with the 
entrapment previously reported. 

DR PRICE: Dr Bohnen, to address your mortality question, you are 
correct. Using Fishers Exact Test the difference between the IP 
group and the IP liposome group was not statistically significant, 
although there was that trend there. 

Regarding the dose of antibiotics used, it was, in fact, probably 
about a tenfold decrease from what we would normally use. This was a 
function of our model. When we initially set up the model we felt it 
was important to have a mortality, although not an overwhelming 
mortality. So we titrated the dose of the fecal inoculum to achieve a 
high, but not overwhelming, mertality. 

When we treated those animals with 15 mg/kg, which would have 
been the appropriate dose of cefoxitin, we had bacteremia but no 
mortality. With the decreased dose of antibiotics we consistently had 
both mortality and bacteremia. So, once again, the decreased dose of 
antibioties was just a function of our model. The important fact is that 
at equivalent dosages of antibiotic, the liposome delivery cf cefoxitin 
decreased bacteremia and tended to decrease mortality. 

The charge is very important in determining the properties of 
liposomes. Our liposome preparation has a net negative charge. 
You’re correct in that the administration of empty liposomes with 
free cefoxitin administered coneomitantly is a study that does need to 
be done. 

Dr Malangoni, I commented on your question about why we used 
this particular dose of cefoxitin. It would have been nice to measure 
cefoxitin levels. Studies are planned that we hope will more accurate- 
ly compare the pharmacology of liposome preparations wizh conven- 
tional agents. In regard to yourcomment about the number of organ- 
isms reported at 4 hours in the abstract, the animals treated with 
liposomes had fewer circulating organisms than all other groups at 
that time. 

To speculate clinically on how this might compare with the intrave- 
nous administration of antibiotics, I think the intravenous adminis- 
tration of antibiotics does result in high tissue concentrations and 
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high concentrations in the peritoneal fluid, but these levels are rela- 
tively short-lived. Also, in situations such as penetrating trauma or 
pancreatic abscess where you have devitalized tissue, intravenous 
antiobotics would not achieve high tissue levels. Liposome delivery 
has the potential to achieve high local concentrations that are sus- 
tained, so I think in situations where local sustained action is desir- 
able, liposome administration might offer benefits. 

We used the natural log transformation because it made far a more 
normal distribution of the data, allowing for more accurate statistics. 


Invited Commentary 


The study by Price et al gives fresh insight into the treat- 
ment of acute peritoneal contamination and, perhaps, its com- 
plicating subsequent peritonitis. Their approach parallels 
somewhat the standard practice of topical chemotherapy for 
major thermal burns, since the extensive surface of peritone- 
um exposed to bacterial challenge is quite similar to a sizeable 
loss of protective skin from the body mantle. Parenteral antibi- 
otics have uniformly failed to eradicate pathogens from, and 
prevent microbe colonization of, fresh or granulating burn 
wounds. On the other hand, appropriate antimicrobial agents 
delivered directly onto surfaces at risk or onto sites of already 
active infection have been successful in decreasing wound 
bacterial counts, reducing the severity and/or totally eliminat- 
ing any attendant bacteremia, and consequently providing a 
significant impact on eventual survival. 

Use of an adjunct to delay antibiotic absorption and, thus, to 
provide both a longer local effect within the peritoneal cavity 
proper as well as more protracted bacteriocidal levels in circu- 
lating blood clearly augment what otherwise would have been 
merely a transient benefit. Hopefully the next step will soen be 
taken—controlled clinical trials in humans, either immediately 
after peritoneal soilage, in cases of ongoing fecalent peritoni- 
tis, or both. 


H. HARLAN STONE, MD 
Cleveland, Ohio 
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Kupffer Cell Cytotoxicity to Hepatocytes 


in Coculture Requires L-Arginine 


Timothy R. Billiar, MD; Ronald D. Curran, MD; Michael A. West, MD, PhD; Klaus Hofmann, PhD; Richard L. Simmons, MD 


è Activated macrophages convert L-arginine to citrulline and 
unstable nitrogen oxides that have cytotoxic properties. We re- 
cently have shown that the inhibition of protein synthesis in 
Kupffer cell (KC):hepatocyte (HC) coculture, following exposure 
to gram-negative bacterial endotoxin (lipopolysaccharide), is 
due to the metabolism of L-arginine by this cytotoxic pathway. 
Although this finding supports a role for activated KCs and the 
L-arginine—dependent mechanism in the HC dysfunction seen in 
sepsis, it and previous studies have failed to demonstrate direct 
damage to HCs by adjacent KCs. The current study was under- 
taken to determine if KCs exposed to lipopolysaccharide could 
directly damage HCs and, if so, whether the damage was depen- 
dent on the metabolism of L-arginine. By using the release of 
aspartate aminotransferase as a marker of HC damage, it was 
found that a significant aspartate aminotransferase release by 
KC:HC cocultures in response to lipopolysaccharide occurred 
only if L-arginine was present. In addition, requirements for sig- 
nificant aspartate aminotransferase release included KC:HC ra- 
tios of 7.5:1 or greater and L-arginine concentrations of 1 mmol or 
more. Although the KC-induced damage was mild, these results 
show that in vitro HC damage in KC:HC coculture does require 
the metabolism of L-arginine and supports a hypothesis that 
toxic L-arginine metabolites may contribute to liver cell damage 
in patients withsepsis. 

(Arch Surg. 1989;124:1416-1427) 


vidence of hepatocyte (HC) damage and dysfunction is a 

common feature of both severe clinical sepsis’? and ex- 
perimental models of endotoxemia and sepsis.** Even though 
in vivo exposure to killed gram-negative bacteria or endotox- 
in (lipopolysaccharide [LPS]) is. associated with HC death, no 
cytotoxicity is seen if eultured HCs are directly exposed to 
these same agents.*°* This observation has led to the hypothe- 
sis that HC damage in sepsis is mediated, in part, by adjacent 
LPS-sensitive cells. Holman and Saba’ have provided con- 
vineing evidence that activated neutrophils can induce HC 
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death in coculture. These authors have suggested that neu- 
trophils. which transiently marginate in the liver early in 
gram-negative sepsis, contribute to the HC death. Work in 
our laboratory has focused on the role of the resident macro- 
phage of the liver, the Kupffer cell (KC), in sepsis-related HC 
dysfunction and damage. Most recently, we have shown that 
KC-induced inhibition of HC protein synthesis in coculture is 
mediated by an L-arginine—-dependent mechanism. °*” 

The L-arginine-dependent mechanism was originally de- 
scribed in murine peritoneal macrophages by Hibbs et al*’ as a 
mechansm by which activated macrophages kill some types 
of tumor cells in culture. This cytotoxicity appears to be 
mediated by intermediates of L-arginine metabolism that are 
known as reactive nitrogen intermediates. Nitric oxide, de- 
rived frem L-arginine, recently has been identified as one of 
these unstable intermediates.” In addition, nitric oxide has 
been shown to induce the metabolic defects in tumor cell 
targets'~” that have been shown to precede cell death.“ The 
purpose of this study was to determine whether this mecha- 
nism of known tumor cell cytotoxicity, which also has known 
downregulating effects in KC:HC coculture, might also in- 
duce HC cytotoxicity. Up to now, little evidence exists that 
KCs, activated by septic stimuli, possess the capacity to 
damage adjacent HCs. 


MATERIALS AND METHODS 


Male Sprague-Dawley rats, weighing 200 to 300 g (Harlan Spra- 
gue-Daw ey, Indianapolis, Ind), were used as the cell source for all 
experiments. The following materials were obtained commercially 
(Gibco, Grand Island, NY): Williams Medium E with and without 
L-arginine, Minimal Essential Medium, L-arginine, dialyzed calf 
serum, penicillin, streptomycin, and HEPES buffer. Collagenase 
type I, protease type XIV, gelatin, actinomycin D, and aspartate 
aminotransferase (AST) type I were purchased commercially (Sigma 
Chemical Co, St Louis, Mo). Insulin was purchased commercially (Eli 
Lilly & Co, Indianapolis, Ind). Endotoxin (LPS from Escherichia coli 
0111:B,) was obtained commercially (Difeo Laboratories, Detroit, 
Mich). P astic tissue culture trays were purchased commercially 
(Costar, Cambridge, Mass). Murine recombinant tumor necrosis fac- 
tor (TNF) was purchased commercially (Genzyme, Boston, Mass). 
Tritiated leucine (5.0 Ci/mmol) was obtained commercially (New 
England Nuclear, Cambridge, Mass). N°-Monomethyl-L-arginine 
(NMMA) was prepared in our laboratories by using a modification of 
the method described by Corbin and Reporter.” Purity was assessed 
at greater than 99% by high-pressure liquid chromatography. 
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Cell Isolation 


Hepatocytes were isolated by using an in situ collagenase Derfusion 
technique as previously described.’ Viability typically ranged from 
85% to 95% by trypan blue exclusion at the time of cell harvest. 

Liver nonparenchymal cells were obtained from separate animals 
and were isolated by using the pronase digestion technique described 
by Einesis and Planque. ° Kupffer cells were separated from other 
nonparenckhymal cells by using centrifugal elutriation. Peroxidase 
staining identified 85% to 95% of the final cell preparation as KCs. 


Cell Culture Technique 


The sequence of cell plating and culture has been previously de- 
scribed in detail.” Briefly, on day 1, HCs were plated at 0.2 to 
0.25 x 10° cells per milliliter in 0.1 mL per well on gelatin-coated, 
96-well, plastic tissue culture trays. The culture medium consisted of 
Williams Medium E that was supplemented with insulir, HEPES 
buffer (15 mmol), penicillin, streptomycin, glutamine, and 10% calf 
serum. Onday 2, KCs were added to the HCs to give the desired final 
KC:HC ratio. The KCs were added to some HCs or plated alone in the 
fresh Williams Medium E (with or without L-arginine, 9.5 mmol), 
which included 5% dialyzed calf serum. On day 3, LPS was added in 
the fresh Williams Medium E with 2.5% dialyzed calf serum and the 
indicated L-arginine concentration. 


Determination of Protein Synthesis 


Total protein synthesis was determined as previously described”” 
by measuring tritiated leucine incorporation into newly synthesized 
proteins. Tritiated leucine (1 pCi per well) was added in the fresh 
Minimal Essential Medium without leucine or L-arginine and without 
serum for a 4-hour labeling interval, and tritiated leucine incorpora- 
tion into protein was determined by scintillation counting. 


AST Determinations 


Supernatants were harvested from the 96-well plates at the indi- 
cated time points, and AST levels were measured by ar. automated 
procedure with the use of an analyzer (Technitron RA-500), All re- 
sults were expressed as the net AST release [(cultures + LPS) — 
(cultures without LPS)]. 


Determination of Citrulline and 
Total Nitrite/Nitrate Production 


To measure L-arginine metabolites, separate cultures were estab- 
lished on 35-mm wells by using a KC:HC ratio of 5:1 and a 1.2-mL 
volume. Supernatants were removed 24 hours after LPS exposure, 
and citrulline levels were determined by using a colorimetric assay 
that was based on the reaction of diacetyl monoxime with citrulline 
following the removal of protein and urea.” Total nitrite/nitrate 
levels were measured by using an automated procedure that was 
based or the Griess reaction.’ 


Determination of TNF Production 


The TNF levels were likewise determined in the supernatant of 
cultures that had been established in 35-mm wells (KC:EC ratio, 5:1). 
The TNF activity was assessed by the ability of dilutions of the 
supernatant to lyse L929 fibroblasts in the presence of actinomycin 
D.” The TNF levels were then extrapolated from a standard curve 
that was constructed by using murine recombinant TNF. 


Statistical Methods 


Where indicated, significance among groups was determined by 
using the Student’s t test. 


RESULTS 


Monolayers of HCs (0.2 x 10° HCs per milliliter) in culture 
for 24 hours were subjected to lysis by repeated freezing and 
the release of AST, alanine aminotransferase, and lactate 
dehydrogenase, measured to determine which of these three 
enzymes was most readily released by damaged HCs. The 
followmg values were obtained from six cultures (mean 
+SEM): AST, 385.8+17.8 U/L; alanine aminotransferase, 
12.0+1.5 U/L; and lactate dehydrogenase, 10.0+2.4 U/L. 
Because major increases were seen only in the release of AST, 
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Effect of KC:HC Ratio on HC Protein Synthesis and AST 
Release in Response to LPS (10 mg/L)* 


KC:HC Ratio 


Toc l o ee a Pii 
Presentt 5:1 7.5:1 101 

59.3+1.8 620+1.4 56.2#2.6 

22.8+4.2 113+2.0 18.0+2.6 

12.6+8.5 31.2+4.0|| 28.0 +3.0]|| 

3.0+3.4 15+3.0 60=3.0 


*KC indicates Kupffer’s cell; HC, hepatocyte; AST, aspartate aminotransfer- 
ase; LPS, lipopolysaccharide. 

ti-arginine concentration (1 mmol). 

Percent inhibition (100% =total inhibition) when compared with KC:HC 
protein synthesis in the absence of LPS. (Values represent mean ~ SEM for 
quadruplicate cultures.) 

§Values show net AST released (KC:HC +LPS-—KC:HC)+SEM™ for four 
cultures. 

|P<.01 vs control KC:HC.) 


Protein synthesis, %} 


AST levels, U/L§ 


Fig 1.—L-Arginine concentration—dependent effects. Top, The net 
aspartate aminotransferase (AST) release by Kupffer cell:hepatocyte 
cocultures (ratio, 7.5:1) 24 hours after the addition of lipopolysaccha- 
ride (10 mg/L). The L-arginine concentration in the medium that con- 
tained the lipopolysaccharide was varied as indicated (asterisk indi- 
cates P<.01 when compared with Kupffer cell:hepatocyte cocultures 
without lipopolysaccharide). Bottom, The production of the L-arginine 
metabolites, citrulline (closed bars) and total nitrite/nitrate (hatched 
bars), measured 24 hours after the addition of lipopolysaccharide 
(10 mg/L), is shown as a function of L-arginine concentration in the 
culture medium. All values represent the mean+SEM for three 
cultures. 
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Fig 2.—Time course for inhibition of protein synthesis and aspartate 
aminotransferase (AST) release by Kupffer cell:hepatocyte (KC:HC) 
cocultures. Top, The percent inhibition (where 100% inhibition = com- 
plete inhibition compared with KC:HC cocultures without lipopolysac- 
charide [LPS]) of KC:HC coculture (ratio, 7.5:1) is shown at various 
time points after LPS exposure. Cultures that did contain L-arginine, 
1 mmol (open squares), are compared with cultures without L-arginine 
(closed squares). Bottom, The net AST release is shown over time 
following LPS (10 mg/L) addition for cultures performed in the pres- 
ence (open squares) and absence (closed squares) of 1 mmol of 
L-arginine. Values represent the mean + SEM of three or four cultures. 
(Asterisk indicates P<.01 when compared with KC:HC cocultures 
without LPS at the same time point.) 


this enzyme was used as a marker of HC damage in the 
remainder of the studies. 

The L-arginine-dependent inhibition in KC:HC total pro- 
tein synthesis has been extensively studied at KC:HC ratios 
of 5:1 and has not been associated with a significant AST 
release.”’ To determine if measurable HC damage could be 
induced at higher KC:HC ratios, the AST release and changes 
in protein synthesis were measured at higher KC:HC ratios in 
both the presence and absence of 1 mmol of L-arginine 24 
hours following the addition of LPS. Although the degree of 
suppression of protein synthesis was not changed at the high- 
er ratios, there was a minor but significant increase in AST 
release (Table). In contrast, almost no AST release was mea- 
sured at KC:HC ratios as high as 10:1, if only L-arginine was 
excluded from the culture medium. In agreement with our 
previous reports,”’ the LPS-induced inhibition of KC:HC 
protein synthesis was also markedly reduced in the absence of 
L-arginine. The addition of LPS to parallel cultures of HCs or 
KCs alone in the presence of L-arginine was not associated 
with an increased AST release (the net AST release over 
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cultures without LPS: HCs+ LPS, 1.3+4.7 U/L; KCs+ LPS, 
0.5+ 1.4 U/L). 

The decrease in coculture protein synthesis has been shown 
to begin at L-arginine concentrations of 0.05 mmol, with the 
most dramatic changes seen at concentrations of 0.5 mmol or 
greater.” Figure 1 (at top) shows the release of AST by 
KC:HC coculture (ratio, 7.5:1), measured 24 hours following 
LPS addition as a function of L-arginine concentrations in the 
culture medium. Although some increased release was mea- 
sured at lower L-arginine concentrations, a significant AST 
release was measured only at concentrations of 1 mmol or 
greater. A conspicuous lack of AST release at 0.1 mmol of 
L-arginine also was noted. Citrulline and nitrites/nitrates are 
the stable end products of L-arginine metabolism and a mea- 
sure of the amount of L-arginine metabolized by the cytotoxic 
pathway. When these end products were measured in sepa- 
rate experiments (Fig 1, at bottom) 24 hours after LPS addi- 
tion, the production of both citrulline and total nitrite/nitrate 
also was found to be dependent on the concentration of 
L-arginine. However, maximal production was reached at 
L-arginine concentrations of 0.5 mmol. 

The effect of the presence or absence of L-arginine (1 mmol) 
on KC:HC protein synthesis and AST release over time is 
shown in Fig 2. In the presence of L-arginine, significant 
decreases in protein synthesis were first measured at 12 
hours after LPS addition, with percent inhibition reaching 
58.7% and 66.6% by 24 and 36 hours, respectively. If 
L-arginine was not present, inhibition in protein synthesis 
was much less dramatic, reaching only 21.2% at 24 hours and 
28.8% at 36 hours. In parallel cultures, a significant AST 
release was not measured until 24 hours after LPS exposure 
with additional increases in the AST release seen at 36 hours, 
which occurred only if L-arginine was present. 

The metabolism of L-arginine by the macrophage cytotoxic 
pathway can be inhibited in a reversible manner by the meth- 
ylated L-arginine derivative NMMA.’ The addition of NUMA 
(0.1 mmol) in the presence of L-arginine (1 mmol) prevented 
most of the inhibition of KC:HC protein synthesis and KC:HC 
AST release in response to LPS (Fig 3). Increasing the 
L-arginine concentration to 5 mmol overcame the effect of 
NMMaA onthe protein synthesis but did not result in a return 
of the AST release in response to LPS. 

Liver sinusoidal cells have been shown to remove AST from 
the circulation.” If cultured liver cells possess a similar capac- 
ity, the KC:HC removal of AST could lower supernatant AST 
levels. To determine if the cells used in these experiments 
could consume or inactivate AST, exogenous AST (from por- 
cine heart, Sigma Chemical Co) was added to the KC:HC 
coculture (ratio, 5:1) with or without LPS (10 mg/L), and the 
disappearance of AST was measured over time. The AST 
levels in the cultures were compared with the levels in parallel 
wells without cells that received the medium with the same 
AST concentrations. In the absence of LPS, 98.3% + 0.22% 
remained after 8 hours of incubation, and 100% +0.1% re- 
mained after 24 hours of incubation. If LPS was added simul- 
taneously with the AST, 98%+0.1% of the added AST re- 
mained after 8 hours, and 98.6% +0.03% remained after 24 
hours, showing that relatively little exogenous AST was 
cleared from the coculture. 

The absence of L-arginine also might influence the release 
of other KC products that are known to have cytotoxic prop- 
erties, especially peptides. Figure 4 shows that TNF produc- 
tion by KCs, cultured alone or with HCs, in response to LPS 
(0.1 mg/L) was not affected by the presence or absence of 
L-arginine (1 mmol). The TNF production peaked at 4 to 8 
hours and consistent with our previous findings (manuscript 
submitted), the KC:HC cocultures produced more TNF than 
KCs alone. 
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~ Fig 3.—Effect of N°-monomethyl-L-arginine (NMMA) on Kupffer cell: 


hepatocyte (KC:HC) coculture protein synthesis and aspartate amino- 
transferase (AST) release in response to lipopolysaccharide. Top, 
The percent inhibition of KC:HC protein synthesis 24 hours after 
lipopolysaccharide (10 mg/L) addition is shown for control cultures, 
cultures that received NMMA (0.1 mmol), and cultures that received 
NMMA and 5 mmol of L-arginine. Bottom, The net release of AST by 
parallel KC:HC cocultures 24 hours after lipopolysaccharide addition. 
Values represent the mean + SEM for three or four cultures. 


COMMENT 


Both the inhibition of protein synthesis following LPS addi- 
tion to the KC:HC coculture and the mild elevations in the 
AST levels appeared to be mediated by the L-arginine—depen- 
dent mechanism. Two specifie modifications of our KC:HC 
coculture model were necessary to demonstrate consistently 
HC damage, as measured by AST release. These changes 
included an increase in the KC:HC ratio to 7.5:1 and L-argi- 
nine concentrations greater than 0.5 mmol. That significant 
depression in protein synthesis was seen both at lower 
KC:HC ratios and lower L-arginine concentrations’ and con- 
firmed eur previous conclusion that the KC-induced inhibition 
in HC protein synthesis can occur without HC death. The 
requirement for L-arginine for a measurable release of AST 
was emphasized by the lack of AST release in the absence of 
L-arginine even when the KC:HC ratio was increased to 10:1 
or when the cultures were carried out to 36 hours following 
LPS exposure. This and previous reports”’ have shown that 
some inhibition of protein synthesis occurs in the absence of 
added L-arginine. It has been suggested that some L-arginine 
can be derived from the breakdown of proteins in the serum 
used in the culture system.” Alternatively, non—arginine- 
dependent mechanisms that do not cause cell death may 
provide a minor contribution to the inhibition in protein 
synthesis. 
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Fig 4.— Tumor necrosis factor (TNF) production by Kupffer ceils (KCs) 
alone and KC:hepatocyte cocultures in response to lipepolysaccha- 
ride (LPS) in the presence and absence of L-arginine. Supernatant 
levels of TNF (expressed as units of murine recombinant (mr) TNF per 
milliliter) at various time points after the addition of LPS (0.1 mg/L) are 
shown for KCs alone in the presence of L-arginine, 1 mmol (open 
circles), KC alone without L-arginine (closed circles), KC:hepatocyte 
cocultures with L-arginine, 1 mmol (open squares), and KC:hepato- 
cyte cocultures without L-arginine (closed squares). Values represent 
the mean + SEM of triplicate cultures. 


Growing evidence supports the hypothesis that activated 
macrophages use this novel pathway of L-arginine metabo- 
lism as a cytotoxic effector mechanism. Hibbs et al" have 
shown that the metabolism of L-arginine is required for mac- 
rophage in vitro cytotoxicity toward some tumor cell lines. A 
similar mechanism appears to be involved in macrophage 
fungistatie activity in culture.” Unstable intermediates of 
L-arginine metabolism or reactive nitrogen intermediates are 
thought to be responsible for the cytotoxic effects. Nitric 
oxide recently has been identified as one of these shert-lived 
intermediates.” The cellular injury associated with this 
macrophage mechanism of cytotoxicity in tumor cell targets 
includes the inhibition of the Krebs’ cycle enzyme aconitase, 
the inhibition of reduced nicotinamide-adenine dinucleotide 
dehydrogenase and succinate dehydrogenase of the electron 
transport chain, and the inhibition of DNA synthesis.” 
Whether the same mechanism at the subcellular level is re- 
sponsible for the changes in protein synthesis anc HC damage 
in KC:HC coculture remains to be determined. The following 
findings support the hypothesis that unstable metabolites of 
L-arginine induce the HC damage reported here: (1) the high- 
est production of the stable end products of L-arginine metab- 
olism was seen at L-arginine concentrations associated with a 
significant AST release; (2) the HC damage was prevented by 
NMMA, an agent known to block L-arginine metabolism to 
citrulline and nitrites/nitrates; and (3) the failure of the pres- 
ence or absence of L-arginine to affect the release of other KC 
products, specifically TNF. 

Although the mechanism by which L-arginine metabolites 
damage HCs is not established, certain characteristics of the 
AST release in the experiments reported here suggest that 
the damage is mild and occurs gradually over time. In the time 
course studies, a significant AST release was not seen until 24 
hours, with additional increases seen by 36 hours. These time 
points coincide with the period that is known te be required 
for significant L-arginine metabolism by KC:HC coculture.’ It 
is possible that threshold concentrations of L-arginine metab- 
olites are required for toxicity or that the injury develops 
gradually. The relatively small increases in a measurable 
AST release provide evidence that the damage te HCs by KCs 
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in coculture was mild. Even under the most extreme condi- 
tions, the total AST released by an LPS-triggered KC:HC 
ratio was less than 10% of the quantity released when similar 
numbers of HCs were intentionally lysed. The inability of the 
KC:HC cocultures te clear significant quantities of exogenous 
AST suggests that the experiments reflected a total AST 
release and supports the conclusion that the KC-indueed HC 
damage was mild. By using KC:HC cocultures exposed to 
killed Pseudomonas bacteria, Holman and Saba‘ have report- 
ed similar mild KC-induced HC damage. These investigators 
showed only small increases in the ornithine carbamoyltrans- 
ferase release that appeared only after 20 to 24 hours of 
exposure to killed Pseudomonas bacteria. 

Recent evidence ‘rom our laboratory suggests that the 
events in KC:HC coculture may be explained by KC induction 
of the metabolism of arginine by HCs. A conditioned superna- 
tant from cultured KCs has been shown to induce similar 
L-arginine—-dependent decreases in protein synthesis and 
AST release in HCs cultured alone.” This finding also could 
explain the greater production of L-arginine metabolites that 
is seen in KC:HC coeultures when compared with KCs 
alone.” 

Whether activated KCs contribute to the HC dysfunction 


and death that are encountered in severe sepsis and multiple- 
organ failure via an L-arginine-dependent mechanism re- 
mains to be determined. The results of these in vitro studies 
suggest that HC damage by such a mechanism may require 
increased numbers of macrophages within the liver and ade- 
quate availability of L-arginine. Experimental studies have 
shown that hepatic macrophage numbers increase following 
systemie exposure to inflammatory stimuli.” If such increases 
occur in patients with sepsis, enough macrophages may accu- 
mulate to cause HC death when activated. Serum L-arginine 
concentrations have been shown to increase in patients with 
late and severe sepsis.’ This increase, along with exogenous- 
ly administered L-arginine in nutritional sources, may pro- 
vide adequate substrate for production of toxic L-arginine 
metabolite production. In conclusion, we would raise the 
hypothesis that excessive or continued conversion of L-argi- 
nine to toxic intermediates by activated cells within the liver 
may contribute to the decline in liver function and HC damage 
that are seen in sepsis over time. 


This study was supported by grants AI-14032 and GM-37753 from the National 
Institutes of Health, Bethesda, Md (Dr Simmons). Dr Billiar is the recipient of 
National Research Service Award 07866. 
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Discussion 


ADRIAN BARBUL, MD, Baltimore, Md: This is an important study 
that I think continues the work from this laboratory and other labora- 
tories that have looked at the relationship between KCs and HCs. 
There is a marriage between these two cell lines that probably is 
important and necessary. although like all marriages, it is not always 
a happy one. i 

There are a lot of data that seem to suggest that the macrophage 
has a unique ability to respond to arginine. A lot of macrophage 
functions, such as superexide production, phagocytosis, and chemo- 
taxis, are best in a zero arginine environment, and the higher the 
arginine concentration in the medium, the lower these aetivities are. 
It seems that macrophage eytotoxicity is exquisitely dependent on 
the presence of arginine, just as this study elegantly demonstrates. 
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My questions relate to some of the more hypothetical issues. 

First, liver arginine levels happen to be low because of an efficient 
urea cycle that is normally present in HCs; with regard to the levels 
that were necessary in the present study’s coculture experiments, I 
do not think these levels were ever achieved in vivo, either circulating 
or in the liver. Could Dr Billiar speculate how the study’s findings 
may relate to the in vivo arginine that he and his colleagues viewed? 

Second, does Dr Billiar have any data that can correlate the AST 
released to cell viability or to some other function and that can explain 
happens ultimately to these HCs? 

Third, the arginine seems to be the substrate that is required for 
these arginine deiminase or whatever the enzyme may be that gener- 
ates the nitric oxide—free radicals; thus, I would ask Dr Billiar if he 
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has any information that looks at what the mechanisms for the 
induction of this enzyme is, in either the macrophage or in his cell 
system as a whole. 

MARC ERIC LANSER, MD, Boston, Mass: Could Dr Billiar set me 
straight on something? 

In several studies from these investigators’ laboratory during the 
last few years, they have assured us that the viability of the HCs were 
unchanged during coculture; therefore, the decrease in protein syn- 
thesis could not be explained by a decrease in HC viability. Now they 
seem to show that the decrease in protein synthesis can be well 
explained by the decrease in HC viability. Could Dr Billiar clarify 
that point? 

The other question focuses on the necessity for a high KC:HC ratio 
to see any kind of effect. Of course these ratios do not exist in situ in 
the liver. Can Dr Billiar, therefore, tell us what he thinks the physio- 
logic significance of these findings may be? 

RONALD MAIER, MD, Seattle, Wash: Actually, my question is an 
extension of Dr Lanser’s question about the high ratio of KCs to HCs 
that does not exist in vivo. Therefore, the physiologic importance of 
the present data to the in vivo setting is of some question. 

Similarly, have the authors done any studies by using the coculture 
technique in the presence of normal endogenous protective mecha- 
nisms, such as antioxidants, antiproteases, or both, that would be 
found in vivo that would also counteract this reported effect? What 
conditions or stimuli would be required to overcome, say, 50% normal 
plasma? 

WAYNE FLYE, MD, St Louis, Mo: Have Dr Billiar and coworkers 
changed the pH in the media by the nitrous oxide that is being 
produced? Can they produce a similar effect by adding nitric acid? 

DR BILLIAR: To answer Dr Barbul’s first question concerning the 
liver arginine levels, it is true that circulating arginine levels are at 
about the 0.05 mmol of concentration. 

Several authors have reported that arginine levels increase latent 
sepsis up to approximately the 0.08 or 0.1 mmol of concentration, 
which is a concentration that we have demonstrated at least in an 
inhibition of protein synthesis in coculture. 

In addition, arginine is a component of parenteral nutritional 
sources, and we could only be speculative now on how exogenously 
administered arginine might contribute to this mechanism. 


Dr Barbul also asked about another measure of HC damage. We did 
look at two other enzymes that did not increase, ie, alanine amino- 
transferase and lactate dehydrogenase. However, on morphologic 
examination, HC damage was obvious in association with the AST 
elevation. 

Dr Barbul’s third question concerned the mechanism of induction of 
this arginine oxidase enzyme. Evidence in the literature shews that 
three known factors have the capacity to induce or promote this 
pathway in macrophages. These include endotoxin, as we used here. 
The TNF also will augment arginine metabolism, and interferon 
gamma is a potent synergistic agent. Other cell types, such as endo- 
thelial cells, have the capacity to metabolize arginine by this path- 
way, but they produce nitrogen oxides in a much smaller quantity and 
to different stimuli. 

In response to Dr Lanser’s first question concerning oar previously 
reported finding that viability is not decreased in coculture, I would 
like to emphasize that those previous reports generallyused KC:HC 
ratios of lower than 5:1, and actually we have shown here that the 5:1 
ratio of KCs to HCs is not associated with a significant AST release, 
so that goes along with our previous reports. 

Dr Lanser also asked about the need for high maerophage:HC 
ratios to induce some damage. In a number of experimental models, 
including the administration of turpentine, C parvwm, and other 
immunostimulating agents, it is a common finding that the number of 
the macrophages in the liver increase dramatically. In faet, when 
these macrophages are then activated, there is much greater evi- 
dence of liver damage. i 

Dr Maier asked about the use of antioxidants. We have measured 
hydrogen peroxide, and this oxygen radical is not produeed by KCsin 
response to endotoxin. The addition of SOD, which remeves superox- 
ide, has had no effect in our system. Catalase, interestingly, does 
block the effect, but it appears to be through an effect om the arginine 
oxidase enzyme and has nothing to do with peroxide production. 

Dr F lye asked about the pH in the culture medium. We have not 
done direct measurements but we have notieed that the indicator 
phenol red will occasionally become slightly more acidic. Nitric oxide, 
the supposed offending agent here, is a highly toxic gas, and we have 
not attempted to add it to cells yet. However, those experiments are 
planned. 
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Are Clinical Trials a Cost-effective Investment? 


Allan S. Detsky, MD, PhD 


To assess the economic attractiveness of clinical research, this study measures the cost-effectiveness of 
seven selected randomized trials. The model considers the cost of performing a trial and the benefits to the 
health status of a target population one could expect before the trial was performed. The incremental cost- 
effectiveness for performing the trials ranged from a low of $2 to $3 per life-year saved for a trial of aspirin 
in unstable angina to a high of $396 to $685 per life-year saved for the randomized trial portion of the 
Coronary Artery Surgery Study. These ratios were substantially lower (ie, more economically attractive) 
than the cost-effectiveness ratios associated with performing interventions of proved effectiveness. This 
study shows that a selected group of clinical trials, some of which were controversial and expensive, were 
indeed a good investment. This information may be helpful to policymakers who consider allocating funds to 


biomedical research (JAMA. 1989;262:1795-1800). 
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Characterization of Wound Cytokines 
in the Sponge Matrix Model 


Henri R. Ford, MD; Rosemary A. Hoffman; Edward J. Wing, MD; D. Mitchell Magee, PhD; Lori McIntyre; Richard L. Simmons, MD 


è Although different populations of inflammatory cells infil- 
trate the healing wound, the mechanisms by which they influence 
the healing process in vivo are poorly defined. In vitro studies 
suggest that these cells may mediate wound healing by releasing 
various cytokines within the wound. We measured the levels of 
interleukin (IL) 1, IL-2, IL-3, IL-4, IL-6, tumor necrosis factor, and 
macrophage colony-stimulating factor within a subcutaneously 
implanted polyurethane sponge on various days after injury. 
Significantly higher levels of IL-1, IL-6, tumor necrosis factor, and 
macrophage colony-stimulating factor were detected in the 
wound fluid compared with basal serum levels in nonwounded 
mice. Tumor necrosis factor, macrophage colony-stimulating 
factor, and IL-6 peaked earlier than IL-1; however, the levels of 
these cytokines had fallen by the 13th day after wounding. Inter- 
leukin 2, IL-3, and IL-4 could not be detected in the wound fluid, 
and the wound fluid inhibited the proliferation of the IL-2—depen- 
dent cell lines CTLL-2 and HT-2 in response to recombinant IL-2. 
We hypothesize that tumor necrosis factor, macrophage colony- 
stimulating factor, IL-1, and IL-6, which are secreted at the site of 
injury, interact to promote tissue remodeling. The decrease in the 
levels of these cytokines by the 13th day after wounding may be 
the result of a regulatory process by the healed wound. 

(Arch Surg. 1989;124:1422-1428) 


he normal wound-healing process is governed primarily 

by the various inflammatory cells that accumulate within 
the wound. Platelets are among the earliest inflammatory 
mediators to arrive at the site of injury, whereas neutrophils 
and macrophages abound during the first 2 days after wound- 
ing and typically precede the influx of fibroblasts, lympho- 
cytes, and endothelial cells.* However, the underlying mecha- 
nisms by which these and other inflammatory cells interact to 
promote wound healing are unknown. Current paradigms 
formulated on the basis of in vitro studies suggest that plate- 
lets may serve to initiate the healing process, which is then 
amplified or sustained by macrophages, endothelial cells, and 
fibroblasts. Evidence suggests that platelets exert their in- 
flammatory effects through the release of a number of growth 
factors, including platelet-derived growth factor (PDGF), 
transforming growth factor beta (TGF-b), and epidermal 
growth factor.’ Similarly, wound macrophages express mes- 
senger RNA for TGF-alpha, TGF-b, PDGF, and insulinlike 
growth factor 1.* These cytokines are thought to play an 
important role in the inflammatory process leading to wound 
healing. Consequently, a number of investigators have at- 
tempted to enhance or accelerate the healing process by 
adding exogenous growth factors to healing wounds. Sprugel 
and colleagues,* for instance, demonstrated that PDGF, 
TGF-b, and basic fibroblast growth factor stimulated the 
development of granulation tissue in subcutaneously implant- 
ed polytetrafluorcethylene chambers in normal rats. Sporn et 
al’ similarly showed that TGF-b could significantly accelerate 
the accumulation of total protein, collagen, and DNA in 
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wound chambers. Other investigators have reported that 
local injection of epidermal growth factor accelerated the rate 
of wound repair in burns and subcutaneously implanted 
sponges,” while injection of TGF-alpha, tumor necrosis fac- 
tor alpha (TNF-a), and interleukin (IL) 1-alpha enhanced 
angiogenesis in subcutaneous polyvinyl-alcohol sponges.” Al- 
though these studies demonstrate that the use of exogenous 
growth factors can promote wound healing, it is not known 
whether these cytokines actually play a role in the normal 
healing process in vivo. There have been few systematic 
attempts to characterize the various cytokines that are se- 
creted locally within the healing wound. Grotendorst and 
colleagues’ successfully measured the level of TGF-b and 
PDGF activity in wound chambers. Spencer et al" detected 
significant levels of somatomedin-C in wound fluids. Paty et 
al” showed that wound fluid was rich in soluble factors that 
could prime neutrophils for enhanced superoxide production. 
Nevertheless, the levels of numerous other cytokines that are 
presumed to be important mediators of the inflammatory 
process in vivo are unknown. 

In ths study, we measured the levels of IL-1, IL-2, IL-3, 
IL-4, IL-6, tumor necrosis factor (TNF), and macrophage 
colony-stimulating factor (M-CSF) within the healing wound 
using the sponge matrix model. The nature of the inflamma- 
tory response evoked by subcutaneously implanted sponges 
has been extensively studied.” This model provides a suit- 
able meehanism for studying the kinetics of cytokine produc- 
tion in v vo in response to an inflammatory stimulus. 


MATERIALS AND METHODS 
Mice 


Female BALB/c mice (Jackson Laboratory, Bar Harbor, Me) were 
used at 6 =o 12 weeks of age. 


Reagents and Cytokines 


The mcnoclonal antibody to IL-4, 11B11 moAb, was generated in 
ascites farm using pristane-treated, sublethally irradiated 6 Gy) 
BALB/c mice that had been injected intraperitoneally with 10° 11B11 
hybridomm cells.” The ascites fluid was harvested 7 to 10 days follow- 
ing intraperitoneal injection, precipitated with 45% ammonium sul- 
fate, and dialyzed extensively. The antibody was then titered against 
recombinant mouse IL-4 and used at a concentration of 1:2000 in 
neutralization experiments. 


Sponge Matrix Model 


Sterile polyurethane sponges measuring 1.0 1.00.5 cm were 
soaked in minimal essential media (Flow) supplemented with 100 
U/mL of penicillin and 100 mg/L of streptomycin. A 2-em skin incision 
was made on the dorsolateral thorax of recipient BALB/c mice; one 
sponge was 3 implanted subcutaneously in each mouse under aseptic 
conditions.” The incision was closed with surgical staples. At 3, 5, 8, 
and 13 days after implantation, the mice were killed by carbon dioxide 
asphyxiation. The sponges were excised surgically and squeezed 
gently into sterile tubes to collect the inflammatory wound fluid. 
Sterility vas tested by blotting the sponges on blood agar plates. The 
fluid from contaminated sponges (<2%) was discarded. The wound 
fluid was centrifuged at 1500g for 10 minutes. The cell-free superna- 
tant was removed, aliquoted, and then stored at — 70°C until use. The 
cell pellet was combined with the cells collected by compressing the 
sponges ir three changes of media. The combined cell population was 
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washed three times and resuspended in minimal essential media 
supplemented with 5% heat-inactivated fetal calf serum (FCS). Cell 
viability was determined by trypan blue exclusion. A differential 
count was performed following cytospin and Wright’s stain of the 
cellular infiltrate. 


IL-1 Assay 


Eight days following subculture, 2 x 10* D10.G4.1 cells were sus- 
pended in RPMI 1640/25 mmol/L of HEPES supplemented with 5% 
FCS, 2 mmol/L of L-glutamine, and 5x107" mmol/L of 2-mercap- 
toethanol (2-ME). The cells were cultured in serial dilutions of wound 
fluid and 2.5 ug/L of concanavalin A i in _96-well flat-bottom tissue 
culture plates i ina final volume of 0.2 mL.” The plates were incubated 
at 37°C in a humidified atmosphere containing 5% carbon dioxide for 
65 hours. Att the end of the incubation period, the plates were pulsed 
with 2 Ci of tritiated thymidine per well for an additional 5.5 hours. 
The cells were harvested onto filter paper using the PHD cell 
harvester and counted in an LS2800 liquid scintillation counter (Beck- 
man). Recombinant human or mouse IL-1-beta was used to generate 
standard curves fer each experiment. For neutralizaticn experi- 
ments, a rabbit polyclonal antibody to mouse IL-1-beta that had been 
previously titered in the D10.G4.1 assay was used at a coneentration 
of 1:500. 


Bioassay for IL-2 


Interleukin 2 activity in the wound fluid was measured using the 
IL-2-dependent cell lines CTLL-2 and HT-2. The HT-2 cell line also 
responds te IL-4. Two thousand CTLL-2 cells were cultured in a final 
volume of 0.1 mL of minimal essential media (GIBCO, Grand Island, 
NY) supplemented with 5% FCS, 2 mmol/L of L-glutamine, 5 x 10 
mol/L of 2-ME, 1 mmol/L of sodium pyruvate, and 1 mmol/L of 
nonessential amino acids in the presence of serial dilutions of wound 
fluid or recombinant mouse IL-2 at 37°C, 5% carbon dioxide in air for 
24 hours. Tritiated thymidine (2 Ci per well) was added for the final 
6.5 hours of incubation. The cells were harvested onto filter paper 
using the PHD eell harvester and the sample was counted in a liquid 
scintillation counter. When the HT-2 cell line was used to measure IL- 
2 activity, 5x 10° cells were cultured in a final volume of 0.1 mL of 
RPMI 1640/25 mmol/L of HEPES supplemented with 5% FCS, 2 
mmol/L of L-glutamine, 5x107 mol/L of 2-ME, and 1 mmol/L a 
sodium pyruvate, in the presence of serial dilutions of wound fluid or 
recombinant mouse IL-2. Proliferation was measured in a 24-hour 
assay as above. 


Bioassay for IL-4 


Interleukin 4 activity i in the wound fluid was measured using either 
the HT-2 eell line in the MTT (8-(4, 5-dimethylthiazol-2-yl]-2, 5-di- 
phenyltetrazolium bromide) reduction assay, ° or the B-cell prolifera- 
tion assay. ' Briefly, 5 x 10° HT-2 cells were cultured in 96-well flat- 
bottom plates in a final volume of 0.1 mL of RPMI 1640/25 mmol/L of 
HEPES supplemented as stated in the previous section and serial 
dilutions of wound fluid or recombinant mouse IL-4. After 20 hours of 
incubation at 37°C, 5% carbon dioxide in air, 10 uL of a 5-mg/mL 
solution of MTT was added to each well, and the plates were incu- 
bated for an additional 4 hours. At the end of the incubation period, 
150 uL of 0.04N hydrochloric acid in isopropanol was added to each 
well, and the optical density of each well was measured at a wave- 
length of 562-650 nm using a plate reader (Vmax, Molecular Devices). 
The MTT reduction assay is not a proliferative assay, it is a colorimet- 
ric assay imwhich surviving (and/or proliferating) cells are detected at 
the end of the assay by virtue of the ability of their dehydrogenase 
enzymes to cleave (reduce) the tetrazolium salt, MTT.” 

To measure IL-4 activity in the B-cell proliferation assay, spleno- 
cytes from BALB/c mice were passed over a Sephadex G-10 column 
to remove macrophages and other adherent cells, and then treated 
twice with anti-Thy 1.2 antibody (New England Ni uclear) and guinea 
pig serum (GIBCO), as previously described.” The resulting purified 
B cells were then cultured at a concentration of 10° cells per well in a 
final volume of 0.2 mL of RPMI 1640/25 umol/L of HEPES supple- 
mented with 10% FCS, 5x10 mol/L of 2-ME, 2 mmol/L of L- 
glutamine, and 100 U/mL of penicillin and 100 mg/L of streptomycin. 
Cells were stimulated with affinity-purified goat anti-mouse IgM 
antibodies (5 mg/L) and serial dilutions of wound fluid or recombinant 
mouse IL-4 for 3 days. Tritiated thymidine (1 Ci per well) was added 
for the final 16 hours of incubation. At the end of the incubation 
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period, the cultures were harvested and samples counted in a liquid 
scintillation counter. 


Bioassay for IL-6 


The B-9 hybridoma was used to measure IL-6 activity." Briefly, 
2 x 10° cells were cultured in the presence of serial dilutions of wound 
fluid in a final volume of 0.2 mL of RPMI 1640/25 mmol/L of HEPES 
supplemented with 2 mmol/L of L-glutamine, 5 x 10° mol/L af 2-ME, 
10% FCS, 100 U/mL of penicillin, and 100 mg/L of streptomycin for 
3.5 days at 37°C, 5% carbon dioxide in air. The plates were pulsed 
with 2 „Ci per well of tritiated thymidine for an additional 4 hours. 
The cells were harvested and radioactivity was determined by liquid 
scintillation spectroscopy. Interleukin 6 activity in the wound fluid 
was expressed in hybridoma growth factor units per milliliter by 
extrapolating from a standard curve generated using recombinant 
human IL-6. Neutralization experiments were performed using a 
rabbit polyclonal antibody to mouse IL-6; 5 to 10 yg of this antibody 
will completely neutralize 20 hybridoma growth factor units/mL. 


Assay for TNF 


Tumor necrosis factor activity in the wound fluid was measured 
using either the L929” or the WEHI. 164” cytotoxicity assays. Stan- 
dard curves were generated using recombinant mouse TNF-a. A 
rabbit polyclonal antibody to mouse TNF-a was used in neutralization 
experiments. 


Colony-Stimulating Factor (CSF) Assay 


Total CSF concentrations were measured using the bone marrow 
colony-forming assay as described previously.” Briefly, varieus dilu- 
tions of wound fluid were placed into 35-mm culture dishes with 1x10° 
bone marrow cells from the femurs of C57BL/6 mice in MeCoy 5A 
medium supplemented with antibiotics, 15% FCS, amino acids, and 
0.3% agar. Cells were cultured for 7 days at 37°C in a humidified 
atmosphere containing 7.5% carbon dioxide. Colonies consisting of 
greater than 50 cells were scored with a dissecting microscope. 
Colony-stimulating factor per milliliter of wound fluid was calculated 
by multiplying the colonies per plate by the inverse of the wound fluid 
dilution taken from the linear portion of the dose response curve. 
Colony cell type was determined by microscopic examination of colo- 
nies from whole cultures that had been fixed, dried, and stained with 
Mayer's hematoxylin. 

The factor-dependent cell lines FDCP-1 and 32D Cl 3 were also 
used to measure CSF activity.” The FDCP-1 cell line proliferates in 
response to both IL-3 and granulocyte/macrophage CSF (GM-CSF), 
whereas the 32D Cl 3 cell line responds to IL-3 and granulocyte 
CSF.”” The assays were performed as follows: 10* cells from each 
cell line were cultured in serial dilutions of wound fluid in 96-well 
microtiter plates. The plates were incubated at 37°C in 5% carbon 
dioxide for 48 hours. Tritiated thymidine (1 Ci per well) was added 
for the final 6 hours of incubation. The cells were harvested, and 
radioactivity was determined by liquid scintillation spectroscopy. 
Recombinant murine IL-3 and recombinant murine GM-CSF were 
used to generate standard curves for each cell line. 

Macrophage CSF concentrations were measured directly by a 
double-antibody radioimmunoassay.” 


Statistical Methods 
Statistical analysis was performed using Student's t test. 


RESULTS 


The inflammatory cells infiltrating the subcutaneous 
sponges were analyzed on various days following implanta- 
tion. Table 1 shows that the cellular infiltrate increased grad- 
ually over the time points tested and was still rising on day 13 
after wounding. Although neutrophils predominated on days 
3 and 5, mononuclear cells comprised the majority of the 
inflammatory cells by days 8 and 13. 


IL-1 Level Within the Sponge 


Interleukin 1 level within the wound fluid was determined 
using the D10.G4.1 proliferative assay. No significant IL-1 
activity could be detected in the serum of normal, non- 
wounded mice (normal mouse serum) (Table 2). Significant 
levels of IL-1 were detected as early as the third day after 
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Table 1.—Characteristics of Cells Infiltrating the Sponges* 
Day of Harvest 
Or 
3 5 8 13 


No. of cells, x 10° 15+0.2 1.7+0.5 26+06 6.0+1.0 
Neutrophils, % 72+3.5 68 +3.0 38+1.9 18+1.8 
Macrophages, % 18+1.6 20+1.5 47+3.0 62+2.2 


Lymphocytes, % 10+0.9 12+1.0 1621.1 20+2.0 


*Sterile polyurethane sponges were implanted subcutaneously on the 
dorsolateral thorax of BALB/c mice. The sponges were harvested on various 
days and the cellular infiltsate was analyzed. Results represent the mean + SEM 
for five experiments. 


Table 2.—Kinetics of Interleukin 1 Production Within 
Subcutaneous Sponges* 


Day of Harvest 





















a 


<0.01 0.06+.006 0.20+.008 0.27=.003 0.27=.010 
<0.01 0.14+.009 0.23+.030 0.38=.06 0.27=.030 
<0.01 0.44+.01 0.65+.05 1.06=.03 0.54=.090 





*Interleukin 1 production was determined using the D10.G4.1 assay. Data 
represent the mean units per milliliter + SEM of three separate experiments. 
NMS indicates norma! mouse serum. 

TP<.05 vs day 3. 


0.01 
Wound Fluid Concentration 





Fig 1.—Neutralization of interleukin 1 activity in wound fluid by poly- 
clonal antibody to interleukin 1 beta. D10.G4.1 cells were cultured in 
serial dilutions of wound fluid plus 2.5 pg/L of concanavalin A in the 
presence (open circles) or absence (closed circles) of polyclonal 
antibody to interleukin 1 beta. 


wounding; however, peak IL-1 activity was not seen until the 
eighth day. There was a trend toward a decrease in IL-1 
activity in the day 13 sponges, which was seen in two of three 
experiments. There was no detectable IL-1 aetivity in the 
serum of sponge-bearing mice. A rabbit polyclonal antibody 
against mouse IL-1-beta neutralized most of the IL-1 activity 
in day 8 wound fluid. as seen in Fig 1. 


TNF Level in the Wound Fluid 


Preliminary experiments revealed no differences in sensi- 
tivity between the L929 and the WEHI. 164 cytotoxicity as- 
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Fig 2.— Tumor necrosis factor (TNF) activity in wound fluid. Cytopathic 
effect of serial dilutions of wound fluid on L929 cells was determined in 
the presence of 1 pg/L of actinomycin D. Results represent the mean- 
+SEM of three experiments. Normal mouse serum was less than 
0.30+0.10 U/mL. The asterisk indicates P<.05 vs normal mouse 
serum, day 13. 


0.01 


Concentration 


Fig 3.— Tumor necrosis factor (TNF) activity in wound fluid neutralized 
in the L929 assay using a polyclonal antibody to murine TNF-aloha. 
The effect of the antibody on recombinant mouse TNF-alpha is also 
shown. The open squares indicate murine TNF; closed squares, 
murine TNF and an antibody to TNF; open circles, wound fluid and an 
antibody to TNF; and closed circles, wound fluid. 


says for TNF. Thus, in subsequent experiments, TNF levels 
in the wound fluid were measured using the L929 bioassay. 
Peak TNF levels were seen on day 3 after wounding and 
decreased thereafter (Fig 2). There was substantially less 
TNF activity in the wound fluid on days 1 and 2 (data not 
shown). A rabbit polyclonal antibody against mouse TNF-a 
protected the L929 (and the WEHI.164) cells against the 
cytopathic effect of the wound fluid and recombinant murine 
TNF-a in the bioassays (Fig 3). 


M-CSF Activity 


Total CSF activity was measured using the bone marrow 
colony-forming assay, while M-CSF activity was determined 
using a specific radioimmunoassay for M-CSF. The wound 
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Fig 4.—Murine bone marrow cells cultured with serial dilutions of 
wound fluid. The types of colonies elicited were determined. Similar 
numbers of colonies were seen for wound fluids obtained on days 3 
and 5 after wounding and for normal mouse serum. Closed bars 
indicate day 8 wound fluid; hatched bars, day 13 fluid. 
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Fig 5.— Total colony-stimulating factor (CSF) activity measured using 
the bone marrow colony forming assay. Simultaneous measurement 
of macrophage CSF activity was made using a specific radio mmuno- 
assay. Normal mouse serum is 274+16 U/mL by bioassay and 
411 +56 U/mL by radioimmunoassay. An asterisk indicates P<.05 vs 
day 13, normal mouse serum; two asterisks, P = .07 vs day 13, normal 
mouse serum; shaded bars, bioassay; and hatched bars, 
radioimmunoassay. 


fluid elicited predominantly pure macrophage colonies in the 
bioassay (Fig 4). In addition, there was close correlation 
between tetal CSF activity in the bioassay and M-CSF activi- 
ty as measured by the radioimmunoassay (Fig 5). Specific 
bioassays for multi-CSF (IL-3), granulocyte CSF, and GM- 
CSF failed to detect these cytokines in the wound fluid (data 
not shown). Thus, M-CSF was the predominant class of CSF 
in the wound fluid. A twofold increase over basal serum M- 
CSF level was noted in the wound fluid by the third day after 
wounding. Macrophage CSF levels in the sponge fluid re- 
mained elevated through the eighth day after wounding but 
returned te baseline by day 13. 


IL-6 Level in Wound Fluid 


Interleukin 6 level in the wound fluid was determined using 
the exclusively IL-6—dependent hybridoma, B-9. The highest 
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Fig 6.—Interleukin 6 (IL-6) activity in wound fluid. B-S cells were 
cultured for 4 days with serial dilutions of wound fluid. Tritiated thymi- 
dine uptake was measured for the final 4 hours of incubation. Interleu- 
kin 6 activity is expressed in hybridoma growth factor (HGF) units per 
milliliter. Normal mouse serum is 0 U/mL. 
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Fig 7.—Comparison of interleukin 6 activity in serum (open circles) 
and in wound fluid (closed circles) from sponge-bearing mice. B-9 cells 
were cultured in serial dilutions of wound fluid or serum obtained from 
sponge-bearing mice on the third day after wounding. Tritiated thymi- 
dine uptake was measured for the final 4 hours of incubation. 


level of IL-6 was detected on the third day after wounding and 
decreased thereafter (Fig 6). There was no detectable IL-6 
activity in the serum of nonwounded mice. The serum of 
sponge-bearing mice had substantially less IL-6 activity than 
the wound fluid, as shown in Fig 7. A rabbit polycional anti- 
body to murine IL-6 completely neutralized the proliferative 
effect of the wound fluid on the B-9 hybridoma, as seen in 
Table 3. 

No IL-2 activity was detected in the wound fluid using 
either the CTLL-2 or the HT-2 bioassay (data not shown). 
Mitoses could not be detected in the wound and there was no 
significant tritiated thymidine uptake by the spongeinfiltrat- 
ing cells on in vitro culture (H.R.F., R.A.H., and R.L.S., 
unpublished data, 1989). Moreover, the wound fluid inhibited 
recombinant mouse IL-2 in the CTLL-2 assay (Fig 8) and in 
the HT-2 assay (Fig 9). 
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Table 3.— Neutralization of Interleukin 6 (IL-6) Activity in 
Wound Fluid by Antibody to IL-6* 


Tritiated Thymidine Uptake, 
IL-6 Activity in Mean cpm+SD 
Wound Fluid Wound Fluid, 


Dilution HGF U/mL No Antibody Antibody to IL-6 
1:1000 20 71 297 + 4581 930+63 
1:4000 5 18355 + 1205 402+60 


*B-9 cells were cultured with wound fluid containing a known amount of IL-6 
activity in the presence or absence of rabbit polyclonal antibody to mouse IL- 
6. HGF indicates hybridoma growth factor. 
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Fig 8.—Inhibition of recombinant mouse interleukin 2 (rmIL-2) by 
wound fluid in CTLL-2 assay. CTLL-2 cells were cultured in the pres- 
ence of serial dilutions of day 5, 8, or 13 wound fluid plus 5 U/mL of 
rmiL-2. Tritiated thymidine uptake was measured for the final 4 hours 
of incubation. No proliferation was seen in the presence of wound fluid 
without the addition of exogenous rmIL-2. 


Interleukin 4 could not be detected in the wound fluid at any 
time using the HT-2 bioassay or the B-cell stimulatory assay. 
The wound fluid did not inhibit the activity of recombinant 
mouse IL-4 in culture (data not shown). Moreover, the mono- 
clonal antibody to IL-4, 11B11 moAb, had ne effect on the 
wound fluid in any of these bioassays. 


COMMENT 


Our data demonstrate that significant levels of IL-1, IL-6, 
TNF, and M-CSF are secreted within the healing wound. 
Basal serum levels of these cytokines in nonwounded mice 
were substantially lower than those found in the wound fluid. 
In contrast, IL-2, IL-3, IL-4, granulocyte CSF, and GM-CSF 
could not be detected in the wound fluid at any time using 
specific bioassays. Unlike IL-6, M-CSF, and TNF, which had 
already peaked by the third day after wounding, IL-1 peaked 
much later and remained at a relatively higher level than the 
other cytokines on day 13 compared with peak values. 

The presence of IL-1, IL-6, M-CSF, and TNF in the wound 
fluid suggests that these cytokines, which were presumably 
secreted by the various inflammatory cells infiltrating the 
wound, may play an important role in normal wound healing. 
This hypothesis is supported by the higher level of IL-1 and 
IL-6 in the wound fiuid compared with serum levels of these 
cytokines in sponge-bearing mice. Tumor neerosis factor al- 
pha has been shown to mediate a wide range of effects both in 
vitro and in vivo.” More importantly, TNF-a stimulates M- 
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Fig 9.—Inhibition of recombinant mouse interleukin 2 (rmIL-2) by 
wound fluid in HT-2 assay. HT-2 cells were cultured in the presence of 
serial dilutions of day 5, 8, or 13 wound fluid and normal mouse serum 
in the presence or absence of 5 U/mL of rmIL-2. Tritiated thymidine 
uptake was measured for the final 4 hours of incubation. No prolifera- 
tion was seen in the presence of wound fluid without the addition of 
exogenous rmiL-2. Open squares indicate IL-2 plus day 5; open 
circles, IL-2 plus day 8; triangles, IL-2 plus day 13; x's, normal mouse 
serum plus IL-2; and closed squares, rmIL-2. 


CSF and IL-1 production by monocytes and endothelial cells, 
respectively,** and directly enhances fibroblast growth.” 
Thus, TNF-a may be an important mediator during the early 
phase of the healing process. 

In vitro studies suggest that M-CSF mediates tissue re- 
modeling by regulating mature phagocyte functions such as 
Fc receptor expression,” superoxide production,” and macro- 
phage chemotaxis.” In addition, M-CSF has been implicated 
in normal tissue remodeling in vivo.” 

Interleukin 6 is emerging as an increasingly important 
cytokine in cellular responses to injury. Recent studies sug- 
gest that IL-6 may be an important inflammatory mediator in 
vivo. Fong and colleagues” reported that IL-6 peaked in the 
serum of normal volunteers within 2 to 4 hours following 
endotoxin challenge. Helfgott et al” similarly reported ele- 
vated levels of IL-6 in the serum and cerebrospinal fluids of 
patients with acute bacterial infections. Thus, the elevated 
levels of this cytokine within the healing wound suggests that 
it also participates in local wound repair. 

Interleukin 1 shares many of the inflammatory properties 
exhibited by IL-6,” and recent evidence suggests that many 
of the properties previously attributed to IL-1 may in fact be 
due to IL-6. However, the fact that high levels of IL-6 are 
present in the wound fluid well before maximal IL-1 level is 
attained suggests that these cytokines play distinct regula- 
tory roles in the healing process. Of interest is the fact that 
IL-1 has been shown to stimulate the secretory functions of 
fibroblasts in vitro.” This effect may be an important step in 
the regulation of collagen remodeling in the maturing wound. 

Tumor necrosis factor alpha, IL-1, IL-6, and M-CSF are 
mostly products of activated monocytes/macrophages, al- 
though a number of other cell types, including activated T 
helper cells, endothelial cells, and fibroblasts, have been 
shown to secrete these cytokines. Our data do not address the 
specific sources of these cytokines nor do they address their 
roles within the healing wound; however, one can speculate 
about their origins and functions on the basis of in vitro 
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experiments. Neutrophils, which comprise the majority of 
the cellular infiltrates on day 3, have not been shown to 
secrete significant levels of these cytokines. Although similar 
numbers of lymphocytes and macrophages were detected in 
the wound on the third day after injury, products of activated 
T helper cells (both Th, and Th,), such as IL-2, IL-3, IL-4, 
granulocyte CSF, and GM-CSF, could not be detected, while 
at the same time, peak levels of cytokines that are secreted 
predominantly by monocytes/macrophages were found in the 
wound fluid. Therefore, activated monocytes/macrophages 
probably contribute to the levels of these cytokines in the 
wound fluid. The significant decrease in the levels of TNF-a, 
IL-6, M-CSF, and IL-1 by day 18, the time when the largest 
number of macrophages is seen in the wound, may be the 
result of a regulatory process by the healed wound. 

The failure to detect IL-2, IL-3, IL-4, C-CSF, and GM- 
CSF could be cue to anumber of factors. It is possible that our 
bioassays were not sufficiently sensitive to detect small quan- 
tities of these cytokines in the wound fluid. Alternatively, 
these cytokines may be secreted but have strong affinity for 
their receptors. Unexplained by our results is the significance 
of the inhibitim of recombinant mouse IL-2-induced prolifer- 
ation of specific subsets of T lymphocytes by the wound fluid. 
Breslin et al* recently identified an IL-2 inhibitor in wound 
fluid. It is possible that this inhibition of recombinant mouse 
IL-2 may be nonspecific since our data suggest that normal 
mouse serum zan also suppress recombinant mouse IL-2-in- 
duced proliferation of HT-2 cells. Further studies are under 
way to determine the effect of the wound fluid on various T 
cell clones. 

Our results. which show the absence of IL-2 and the pres- 
ence of an inhibitor to IL-2 in the wound fluid, concur with a 
previous study by Barbul,” which demonstrated that deple- 
tion of T helper cells did not adversely affect wound healing in 
sponge-bearing mice. Our data, showing high levels of TNF, 
IL-1, M-CSF and IL-6 in the wound fluid, also support 
recently published reports by Mahadevan et al” and Danon et 
al” that suggest that macrophages and their secretory prod- 
ucts may play a central role in the healing process. 

The effect of a number of growth factors on wound healing 
has been studied. Transforming growth factor beta, PDGF, 
somatomedin-C, etc, have been measured in the wound fluid. 
Since all of the cytokines measured in the wound fluid proba- 
bly interact in a complex manner to promote wound healing, 
future strategies for optimizing wound healing should include 
a careful study of the effects of various combinations of these 
cytokines on the healing process. Such a study was recently 
reported by Steenfos et al,“ who demonstrated that TNF-a, 
by itself, had minimal effect on wound healing; moreover, it 
inhibited the effects of TGF-b but not the effects of PDGF on 
the healing wound. This finding led the authors to suggest 
that TGF-b may play a lesser role than PDGF in normal 
wound healing. In contrast, previous studies by Grotendorst 
et al’ demonstrated that peak levels of TGF-b and PDGF 
coincided with the greatest increase in connective-tissue de- 
position in wound chambers. Since in vitro studies have 
shown that TGF-b induces the expression of messenger RNA 
for both TNF-a and IL-1 in monocytes,” it is possible that the 
inhibitory effectof TNF-a on TGF-b reported by Steenfos and 
colleagues could be due to a feedback mechanism. From the 
foregoing studies, it is apparent that a complex regulatory 
network involving various inflammatory cells and their secre- 
tory products geverns the normal healing process. Platelet- 
derived cytok-nes (such as TGF-alpha, TGF-b, and PDGF, all 
of which can also be produced by macrophages) may be the 
earliest mediators of the inflammatory response and may 
induce the local production of TNF-a, IL-1, and other cyto- 
kines, which in turn amplify the inflammatory cascade by 
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stimulating the production of IL-6, M-CSF, additional IL-1, 
and other unidentified cytokines. These cytokines interact to 
regulate cellular infiltration and collagen deposition within 
the healing wound. 
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Discussion 


THOMAS HUNT, MD. San Francisco, Calif: Over the past 20 years, 
conviction has been growing that macrophages are the most powerful 
directors of repair, and cytokines of various sorts, including those 
mentioned here today, are the means by which macrophages exert 
that effect. It was logical, therefore, to systematically examine for 
cytokines in wounds. 

I congratulate the authors for having succeeded in this study and 
have to confess double admiration because I failed to excite a group of 
National Institutes of Health site visitors in a proposal for a similar 
project a few years ago. 

Your data agree with what I know of IL-1 and IL-2, and as far as I 
know it is the first look we have had at IL-3, IL-4, IL-6, and the CSF. 

The wound method, the polyvinyl sponge, is reasonable for this 
study, and the assays you used for the growth factors, though still 
somewhat questionable for specificity, particularly in the case of the 
GM-CSF, are probably the best we have today to draw the kind of 
conclusions that-you wanted to draw. 

Since this is basically an exploratory study I have no serious 
problems with it. All problems come with the interpretation of the 
data. Presence of a growth factor is interpretable. [fit is made in the 
wound, it will befound m higher concentrations there than in blood. If 
it enters from blood, there will be a gradient into the wound. 

' Absence is difficult to interpret and I refer to IL-2. Since we have 
already found IL-1, insulinlike growth factor 1, TNF, TGF-alpha and 
TGF-b, epidermal growth factor, etc, I strongly suspect that IL-2 
exerts an effect in there somewhere. In fact, on one assay at one time 
we did detect some. The question is, why was no IL-2 found? It may 
be extracted simply by an exceptionally high affinity to the receptor, 
for instance. 
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Theoretically, if an inhibitor to IL-2 were to be absent, hypertro- 
phic sears might develop. I suspect that the mechanism for hypertro- 
phic sear lies somewhere in the balance of IL-2 and/or its inhibitors. 

Perhaps your next step is to use receptor assays to see how well 
these cycokines are satisfying their receptors. 

What is next? What are you going to do to interpret these data, 
particularly the data on absence of specific factors that you might 
suspect should be there? 

CHARLES VAN BUREN, MD, Houston, Tex: I was struck by the 
panoply of cytokines that you had present, and although I saw with 
each of tne assays that you were performing that you used a specific 
antibody to demonstrate you could block that effect, what I was 
wondering was if you added the anti-GNF and tried to block the 
wound fluid effect on some of these other cytokines that you said were 
specifically there. In other words, did you use an antibody to block 
some of the other functional assays at which you were looking? 

You have a certain amount of space-occupying sponge here that is 
not really similar to the wound. Have you tried any sort of passive 
injection experiments either into a sponge or into just the subcutane- 
ous tissue and looked at responses just with a space-occupying inject- 
able substance. 

ADRIAN BARBUL, MD, Baltimore, Md: I echo Dr Hunt’s admira- 
tion both for the thoroughness and the extent of your study into the 
composition of wound fluid, which I think is the next frontier in wound 
healing. 

I think my main interest in your data is that the cell population as 
you describe on right vs the actual cytokines that you are measuring 
somehow does not fit our preconceived notions. Perhaps the next step 
would be to take those cells themselves and see what they constitu- 
tively could release over 24 hours in culture. Do you have any data 
looking at such an approach to the problem? 

LAURa« BOLTON, PHD, Princeton, NJ: I wondered how much of the 
reaction you think might be due to a reaction to the polyurethane 
sponge. Would it be possible to look at just granulation tissue in a 
normally healing topical wound and examine the same components 
that you ust examined? 

CAROL MILLER, MD, Worcester, Mass: I understand that keratin- 
ocytes heve been shown after activation by essentially small amounts 
of to produce a number of the factors that you have described here. I 
wonder i? some of the mismatch between the cells present that you 
measured and the actual cytokine production that you saw there 
might be due to the fact that keratinocytes are turned on to produce 
these extra factors. 

DR HUNT: My data with wire-mesh cylinder wounds show the same 
kinds of results you have with polyvinyl mesh. I will not accept the 
criticism of the sponge model. Almost everything we know about 
wound healing has come in models like that and I think the model is an 
excellent one. 

DR FORD: The question of what is next in terms of our interpreta- 
tion of the data and what should we do with the factors that we have 
identifiec is a good one. 

I actually read with great interest the abstract that your group 
presented at the Society of University Surgeons meeting just a few 
months ago on the effect of TGF-b, PDGF, and TNF on wound 
healing. | think that the thrust of what we have done here today is to 
generate the kind of stimulus or background necessary for optimizing 
the studies on wound healing. That is, before we start applying 
TGF-b or TNF and so forth to the wound, we have to really know 
which cytokines are present under normal conditions. 

Now that we know exactly what is present, and this study is by no 
means an encyclopedic view of every cytokine that might be present 
in the healing wound, we can begin to combine various cytokines in 
our attempt to enhance or accelerate the healing process. 

We never attempted to neutralize TNF activity and simultaneous- 
ly determine what happens to M-CSF, IL-1, or IL-6 levels, nor have 
we tried other similar combinations, but the cross-reactivity is a 
decent issue. Most of the bioassays that we used were more or less 
specific fer the various cytokines and we have tried to use the appro- 
priate antibodies to successfully neutralize those activities that were 
detected. In response to the question as to whether we tried to inject 
those sponges with various cytokines, no, we have not tried to do so. 

We arestudying the possibility of culturing those cells that we have 
harvested from the sponges in vitro and to determine whether they 
are able to secrete those various cytokines that we measured in the 
wound fluid. 

As to the role of keratinocytes in the wounds, I really do not know. 
They may also contribute to the level of cytokine in this model. 
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The Wound Is a Possible Source of 
Posttraumatic Immunosuppression 


Spiros A. Lazarou, MD; Adrian Barbul, MD; Hannah L. Wasserkrug; Gershon Efron, MD, FRCS 


è Wound fluid from 10-day-old healing wounds in rats inhibits 
lymphocyte immune responses. Since severe injury is frequently 
complicated by immunosuppression as manifested by sepsis, 
we hypothesized that the wound may be a source of factors that 
impair host immune responses. Therefore, we studied the effect 
of systemic wound fluid administration on the survival of rats 
subjected to an acute peritonitis model. Male Sprague-Dawley 
rats, fitted with internal jugular catheters 48 hours previously, 
underwent cecal ligation and puncture with a 23-gauge needle. 
immediately efter the operation, rats were treated intravenously 
every 12 hours with either wound fluid obtained from 10-day-old 
healing wounds and adjusted to 10 mg of protein per milliliter or 
rat serum. In vitro testing of the wound fluid showed it to be highly 
inhibitory of thymic lymphocyte mitogenesis. Rats treated with 
wound fluid had significantly higher mortality after peritonitis 
than did contro! rats. The data show that the wound contains 
factors that can impair host immune responses to sepsis. This 
suggests that the wound may be the source of posttraumatic 
host immunosuppression. 

(Arch Surg. 1989;124:1429-1431) 


fter trauma, whether accidental or elective, the priori- 
ties of the organism are the healing of wounds and 
maintenance of immune function to ensure survival. Almost 
half of all postoperative complications are wound related, 
and, among these, infection and dehiscence are the most 
common.’ In addition, posttraumatic morbidity and mortality 
are most often due to systemic septic complications. Host 
immunosuppression is probably the most important clinical 
determinant of postresuscitation survival after severe inju- 
ries, although the full extent of this association is still not fully 
understood.” There is a direct linear relationship between the 
extent of injury and the incidence of posttraumatic sepsis and 
mortality.** This suggests that the site of injury, ie, the 
wound, may influence outcome after injury. 

We previously showed that wound fluid from 10-day-old 
healing wounds in rats inhibits in vitro lymphocyte mitogene- 
sis and allogeneic responses and in vivo allogeneic responses. ’ 
We postulated that with moderate injury the wound immuno- 
suppressive factor (or factors) is contained within the wound 
and plays a role in the regulation of wound healing; however, 
when the injury is extensive, this factor may “spill over” 
systemically, affecting host immune responses. In the pre- 
sent study we examined the effect of wound fluid on host 
survival after an acute septic challenge. 
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MATERIALS AND METHODS 
Generation of Wound Fluid 


Male Lewis rats (Harlan Sprague-Dawley, Indianapolis, Ind), 
weighing 225 to 275 g, underwent a 7-cm dorsal skin incision with 
subcutaneous placement of sterile, moist polyvinyl alcohol sponges 
(Unipoint Industries, High Point, NC). The incisions were closed 
with surgical stainless-steel staples. The rats were killed 10 days 
after wounding, and the sponges were removed and cleared of the 
surrounding granulation tissue. The sponges were squeezed with 
sterile forceps, and the fluid was collected into conical tubes. The fluid 
was rendered acellular by centrifugation at 150 g for 10 minutes. The 
cell-free supernatant was passed through a 0.22-.m filter, aliquoted, 
and stored frozen at —70°C (henceforth called wound fluid). For 
controls, rat blood was obtained by cardiae puncture and the serum 
was also stored frozen at — 70°C. 


Cecal Ligation and Puncture 


Forty-six male Sprague-Dawley rats weighing between 275 and 
325 g were individually caged and allowed 1 week of acclimatization to 
our laboratory conditions. The rats were given atropine (0.04 mg/kg 
of body weight subcutaneously) and droperidol and fentanyl citrate 
(Innovar Vet; 0.1 mL/kg of body weight intramuscularly) and under- 
went right jugular vein catheterization with Silastic catheters (outer 
diameter, 0.037 in; inner diameter, 0.020 in) (Dow Corning Corp, 
Midland, Mich). The catheters were tunneled to the interscapular 
area and connected to subcutaneously placed heparin locks. Catheter 
patency was maintained by twice-daily injections of 1 mL of heparin- 
ized saline (2.5 U/mL). After 48 hours of recovery, rats were rean- 
esthetized with pentobarbital (4 mg/100 g of body weight intraperito- 
neally) and underwent cecal ligation and puncture with a single 
23-gauge needle according to the technique of Wichterman et al.” This 
puncture size was noted in preliminary experiments to result in 
approximately 50% mortality at 4 days. The abdominal musculature 
was closed with a running 3-0 silk suture, and the skin was approxi- 
mated with surgical staples. All animals were resuscitated with 5 mL 
of normal saline given subcutaneously. Immediately after cecal liga- 
tion and puncture, rats were randomized to receive intravenously 
either 1 mL of wound fluid (adjusted to 10 mg of protein per milliliter) 
or 1 mL of rat serum (adjusted to similar protein content). Injections 
were given intravenously every 12 hours for 5 days. 


Thymic Lymphocyte Mitogenic Assay 


Wound fluid immunosuppressive activity in vitro was tested in a 
thymic lymphocyte mitogenesis assay. Briefly, thymus glands were 
removed from uninjured male Lewis rats, and single thymic lympho- 
cyte suspensions were obtained by passing the thymic glands sequen- 
tially through 80 and 100 mesh stainless-steel screens. The lympho- 
cyte suspension was washed twice with medium and brought to a 
concentration of 2.5 x 10° cells per milliliter of RPMI 1640 medium 
supplemented with 2-mmol/L glutamine, 50 U/mL of penicillin, 
50 mg/L of streptomycin, and 10% heat-inactivated fetal calf serum. 
Cell viability as tested by trypan blue exclusion exceeded 95% in all 
cases. Triplicate cultures o75 x 10° thymic lymphocytes were set up in 
microtiter plates and mitogenesis in response to phytohemagglutinin 
(80 ug per well) was assayed (this concentration has been found to 
give optimal proliferative responses under our laboratory condi- 
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ses refer to numbers of dead animals/total starting number. 


tions). Some cultures were further supplemented with 10% vol/vol 
wound fluid. Cultures were incubated for 66 hours at 37°C in a 
5% carbon dioxide, 95% air incubator, then pulsed with 2 Ci of 
tritiated thymidine and further incubated for 6 additional hours. 
Cultures were harvested onto fiberglass filters that were air dried, 
and label incorporation was counted in a liquid scintillation spectrom- 
eter (C2425 Packard Tricarb, Packard, Downers Grove, IIl). 


Cytokine Assays 


The wound fluid was tested for the presence of three cytokines as 
follows: (1) Tumor necrosis factor a was assayed with the use of the 
L929 cell line, which detects bioactivity at a lower limit of 500 ng/L." 
(2) y-Interferon was tested with the use of a vesicular stomatitis virus 
cytopathic assay in the murine L929B cell line.* This assay recognizes 
both murine and rat y-interferen at a minimal concentration of 
4 U/mL. (3) Transforming growth factor B was tested by using a 
rabbit polyclonal antibody which, at a concentration of 10 yg, neutral- 
izes the growth-promoting effect of 1 ng/mL of transforming growth 
factor B on NRK49F cells (R&D Systems, Minneapolis, Minn). In the 
thymic lymphocyte mitogenesis assay, cultures were incubated with 
10% vol/vol wound fluid or wound fluid plus the anti-transforming 
growth factor B antibody at a concentration of 2.5 pg per well. 


Data Analysis 


Data were entered into a computer (Macintosh II, Apple Computer 
Inc, Cupertino, Calif) and analyzed by means of the StatViewI1 
program (Abacus Concepts, Berkeley, Calif). All data are reported as 
mean+SEM. Comparison of survival rates was aceomplished by 
means of the x” method. All other statistical analyses used Student’s t 
test. 


RESULTS 


Wound fluid was obtained from four groups of 10 to 12 
Lewis rats. The wound fluids inhibited normal thymic lym- 
phocyte mitogenesis in response to phytohemagglutinin (con- 
trols, 43 959+5755 cpm; wound fluid-treated rats, 3367+ 
928 cpm). No evidence of cytotoxicity was noted with the use 
of trypan blue exclusion. 

Intravenous administration of wound fluid every 12 hours 
after cecal ligation and puncture markedly increased the mor- 
tality of the animals (Figure). Starting 72 hours after the 
procedure, the mortality of the wound fluid-treated animals 
was statistically higher than that of the animals treated with 
normal rat serum. Examination of the dead animals and of the 
animals surviving after 5 days revealed murky peritoneal 
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fluid with walled-off abscesses. Cultures showed the presence 
of the usual colonic polymicrobial flora. No gross differences 
were noted between control and wound fluid-treated 
animals. 

To understand the mechanism by which wound fluid in- 
duces host immunosuppression, we examined wound fluid 
obtained from 10-day-old wounds for the presence of three 
cytokines that have been implicated in both wound healing 
and host immunosuppression. With the use of highly specific 
bioassays, no tumor necrosis factor a or y-interferon bioacti- 
vity could be detected. In addition, polyvalent rabbit anti- 
transforming growth factor B antiserum did not abrogate the 
immune inhibitory activity of wound fluid on thymic lympho- 
cyte blastogenesis (control, 41 159+4778 cpm; 10% wound 
fluid-treated rats, 3047 +444 cpm; controls with anti-trans- 
forming growth factor B, 48 687 + 4551 cpm; and controls with 
10% wound fluid and anti-transforming growth factor B, 
1515 +274 cpm). 


COMMENT 


The above experiments demonstrate that fluid obtained 
from 10-day-old healing wounds greatly impairs host resis- 
tance to an acute septic insult resulting in significantly higher 
mortality. This suggests that during the course of normal 
wound repair, factors are generated that can induce systemic 
immunosuppression. In the present study, the wound fluid, 
together with the immune inhibitory factors that it contains, 
was administered systemically and thus exerted its deleteri- 
ous effect on the treated rats. There is no direct evidence that 
such a systemic spillover occurs in vivo. We have postulated 
that this indeed may occur after extensive tissue injury and 
are planning experiments to examine the occurrence of such a 
phenomenon. Systemically administered wound fluid does 
not seem to be toxic to healthy animals even when adminis- 
tered for 21 days intraperitoneally.° 

We previously showed that wound fluid markedly impairs 
in vitro lymphocyte proliferation in response to lectins or 
allogeneic stimulation.’ The effect of the wound fluid inhibi- 
tory factor seems to be one of selectively impairing interleu- 
kin (IL) 2-dependent immune responses.” The 10-day wound 
fluid is net cytotoxic, and it even enhances fibroblast prolifer- 
ation. The immune inhibition of the wound fluid can be dupli- 
cated by highly purified wound mononuclear cells by them- 
selves or by their conditioned medium. Such local immune 
inhibition probably serves a dual function. First, it may help 
in preventing the host from developing autoreactive T-cell 
clones to a variety of proteins that are released or generated 
during injury and healing. Second, it may act as a down- 
regulating mechanism to the exuberant cellular activation 
that is necessary for initiating successful wound repair. There 
is in vivo evidence that wounds are sites that immunologically 
react differently from other body sites. One elegant study 
demonstrated in guinea pigs that small inocula of methylcho- 
lanthrene-induced liposarcoma cells, which do not give rise to 
tumors when inoculated into normal skin, lead to tumor for- 
mation and death when inoculated into 3-, 9-, and 11-week-old 
wounds." 

The nature of the wound immune inhibitory factor is not 
fully known. We previously determined that it is a protein 
with an approximate molecular weight of 100 kd, heat stable 
(60°C, 1 hour), and neuraminidase sensitive, which suggests a 
high degree of glycosylation.” In the present experiments we 
examinec wound fluid for the presence of cytokines, which 
have been implicated in wound healing and which also have 
direct eff2cts on the immune system." Tumor necrosis factor 
a, a product of activated macrophages, was not found in the 
wound fluid. y-Interferon and transforming growth factor B 
are both products of activated lymphocytes that have been 
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shown to participate in wound healing and to possess immune 
inhibitory activity. However, we could detect no evidence of 
their presence in the wound fluid. Wound fluid, as mentioned 
above, has been shown to inhibit IL-2-dependent immune 
reactions. Interleukin 2 has been shown to have a beneficial 
effect on the response of animals to an acute septic challenge, 
and perhaps this anti-IL-2 activity of wound fluid may partly 


explain its deleterious effect in the present experiments." 


The wound fluid immune inhibition appears 7 to 10 days 
after wounding and is not present at earlier times.’ It has also 
been shown in humans that host immunosuppression, wheth- 
er measured by the appearance of serum suppressive factors 
or of T-suppressor lymphocytes, occurs 5 to 14 days after 
injury.“ Clinically this also corresponds to the period when 
severely injured patients are at their maximal risk for sepsis 
and sepsis-related multiple organ system failure.” 

In conclusion, during the normal process of wound healing 
there is generation of local immunosuppressive factors that, 
when administered systemically, can alter host responses to 
infection. Thus, the wound may, under circumstances of ex- 
tensive injury, generate factors that can alter systemic host 
immune responses. 


This study was supported by grant R29 GM 38650-02 from the National 
Institutesof Health, Bethesda, Md. 

We thank Stephen F. Lowry and Edward A. Havell for carrying out the 
tumor necrosis factor œ and y-interferon assays, respectively. 
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Discussion 


RICHARD Simmons, MD, Pittsburgh, Pa: Unlike those of you 
who are not self-centered, I have always liked papers that tend to 
support favorite hypotheses that I have held without data for a long 
time. And I have always hypothesized that the products of a healing 
wound were designed to stay there, and if they are released by, for 
example, overzealous resuscitation then they might turn the whole 
body into a healing wound yielding the surgical intensive care unit or 
septoid patient; therefore, I like this one. 
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The authors postulate that the wound contains factors that play a 
role in the regulation of wound healing and that are detrimental to 
overall host defense. They certainly show that very clearly, that 
animals that receive 10-day wound fluid die more often with experi- 
mental peritonitis. 

This correlates with an inhibitory effect on in vitro lymphoid tests. 
Neither these data nor other data in this field prove thatthe inhibition 
of lymphocyte function influences the response to intraperitoneal 
infection. The data on IL-2 protection against intraperitoneal func- 
tion, for example, work only if you give the IL-2 intraperitoneally. 
Systemic IL-2 does not work. 

I have a number of technical questions: 

We do not know what concentration of wound fluid was used in the 
in vitro assays, perhaps the same as that used in the in vivo adminis- 
tration. Almost all the lymphoid tests that we do in vitro are done in 
very low concentrations of mouse serum, and if you simply raise the 
concentration of mouse serum you get inhibition. In fact, mouse 
serum is very immunosuppressive at concentrations greater than 2%. 
I presume that is true of rat serum. Dr Ford just showed that wound 
fluid contains a potent inhibitor of IL-2, and so does serum, and there 
is a poster that beautifully shows that IL-2 receptor is present in high 
quantities in the serum of traumatized patients. Is it passible that you 
have an IL-2 receptor overabundance in this wound fluid that acts as 
the immunosuppressant in vitro? 

With respect to the finding that the injection of wound fluid results 
in higher mortality than rat serum, I have also a few questions. 

How did you choose the dose of protein, 10 mg of protein per 
milliliter? Did higher or lower doses change your impression? 

Did you study the wound fluid for endotoxin before you gave it? 

Did you inject the serum of sponge-bearing rats also? In other 
words, did you find any evidence that there was in fact a spillover of 
this immunosuppressant factor? 

The possible effect of the plastic material in the sponge has been 
raised by a previous discussant. You used a polyvinyl alcohol sponge. 
Polyvinyl chloride is a plastic that continues to stimulate an acute 
response that does not ever subside. Could poiyviny! alcohol have a 
similar effect? If so, the wound fluid might differ from that which 
surrounds a less reactive biomaterial. 

CAROL MILLER-GRAZIANO, MD, Worcester, Mass: I am a little 
confused about the assay you were using. It seemedto me that you 
were using a splenocyte proliferation assay; in other words, you were 
using splenocytes and phytohemagglutinin. It is my understanding of 
that assay that you would not get proliferation levels to the level that 
you were using. So maybe I just misunderstood what you said there. 

That assay is extremely sensitive to IL-1 concentrations. One of 
the things that has been shown quite recently is that fibroblast under 
stimulation will produce an IL-1 inhibitor. I was wondering if you 
have looked in your situation to see what happens if you add an 
anti-IL-1 or anti-1 IL-1 inhibitor, both of which are available. 

IRSHAD CHAUDRY, MD, East Lansing, Mich: With your model 
you produced sepsis by a single puncture of a 23-gauge needle, and 
50% of those animals survived. I wonder if you did an autopsy to find 
out whether the abscess was localized but in fact the animal had 
walled if off and that was why 50% of them survived. 

Is it possible that when you gave the wound fluid the abscess was 
not able to be contained and that may be the reason for the high 
mortality? 

Dr LAZAROU: I would like to thank the discussants for their 
questions. 

In response to Dr Simmons’ question, the dose of wound fluid and 
serum that we used is the same as in previous in vivo studies with skin 
grafting. In that study we had administered wound fuid for 3 weeks 
without evidence of any problems at that concentration. In terms of 
direct studies looking for endotoxin, we did not do those. 

Concerning the polyvinyl alcohol sponge, the rate of collagen syn- 
thesis and the type of cells infiltrating polyvinyl alcohol sponge have 
been found to be equivalent to normal healing wounds up to 10 days. 
Also, while mouse is indeed immunosuppressive beeause it contains 
high levels of asparaginase, we use fetal bovine serum for our thymic 
lymphocyte mitogenic assays. 

Concerning Dr Millers question, we did not leok at anti-IL-1 
inhibition, but we know that wound fluid contains IL-1 at early times 
after injury. 

And finally, Dr Chaudry, we did do necropsies on our rats and 
found that many of them did have walled-off abscesses. The wound 
fluid did not seem to affect this process. 
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Endotoxin Tolerance Is Associated With 


Reduced Secretion of Tumor Necrosis Factor 


Leopoldo Sanchez-Canta, MD; Harold N. Rode, PhD; Nicolas V. Christou, MD, PhD 


èe Bacterial endotoxin effects are partially mediated by tumor 
necrosis factor (TNF). It is known that sublethal doses of endo- 
toxin induce transient refractoriness (tolerance) to some of its 
effects. We studied the role of TNF in endotoxin tolerance in rats. 
Weight loss, lethality, anc TNF production were measured after 
an initial dose of endotoxin and after subsequent doses. Weight 
loss reached its peak 72 hours after the initial endotoxin chal- 
lenge, followed by recovery even under continued administra- 
tion of endotoxin. While tolerant, rats could survive a dose of 
endotoxin that was lethal for 100% of naive rats. The high serum 
levels of TNF, observed 90 minutes after the first dose of endo- 
toxin, markedly diminished when rechallenged during tolerance. 
Recovery of responsiveness to these effects followed the refrac- 
tory phase by 3 weeks. We concluded that endotoxin tolerance is 
associated with a reduced secretion of TNF. 

(Arch Surg. 1989;124:1432-1436) 


acteremia caused by gram-negative rods is an increasing 

source of morbidity and mortality among hospitalized 
patients, particularly in the setting of altered immunity.’ 
Endotoxin, the lipopolysaccharide (LPS) in a gram-negative 
bacterial wall, has been extensively studied as a major factor 
that contributes to the pathogenesis of bacterial infection.’ 
Striking parallels have been shown to exist between the 
effects of LPS in experimental animals and those observed in 
patients with gram-negative sepsis.* Also, monoclonal and 
polyclonal antibodies, directed against LPS, have shown a 
good protective effect in animal models of sepsis’ and in 
patients with high-risk factors’ or established gram-negative 
bacteremia.’ 

One of the most unique features of LPS is its capacity to 
elicit a wide spectrum of host effector molecules by different 
cell populations (monecytes and macrophages, endothelial 
cells, lymphocytes, polymorphonuclear leukocytes, etc).’ 
Each of the mediators, induced by LPS, have been linked in 
some way to the pathogenesis of septic shock.* 

Of particular importance is tumor necrosis factor (TNF), 
which, by itself, is capable of inducing many of the pathophys- 
iologic changes that are evident in shock.*” It is also remark- 
able that the inhibition of TNF biosynthesis” or of its activity 
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by passive immunization with anti-TNF antibody before the 
administration of lethal doses of TNF, LPS,” or even live 
bacteria” has been strongly protective in animal models. 

A transient refractoriness to the effects of LPS known as 
endotoxin tolerance was encountered almost a century ago by 
physicians who employed bacterial vaccines for fever thera- 
py. It is well recognized that when a healthy human (or 
experimental animal) is repeatedly injected intravenously 
with nonlethal doses of LPS, increasing resistance develops 
to its pyrogenic and subjective toxic effects.” It is also 
known—in different animal models—that tolerance can be 
induced to its metabolic and lethal effects."*”” 

We adopted the model of endotoxin tolerance in rats and 
studied if the tolerance phase was associated with a decreased 
secretion of TNF, in which case it could suggest a way to 
modify the host response to sepsis by using LPS or nontoxic 
analogues as pharmacologic tools. 


MATERIALS AND METHODS 
Animals 


F 1 Lou/Lewis male rats (weight range, 150 to 400 g) were bred in 
our animal colony, fed with regular rat chow and acidified water 
ad libitum, and housed three per cage. 


LPS Treatment 


Lipopolysaccharide B (Escherichia coli 0127:B8, Cat 3880-25 
Bacto, Difco Laboratories, Detroit, Mich) was injected intraperitone- 
ally (IP) in 1 mL/100 g of body weight of pyrogen-free saline solution 
or delivered by continuous infusion through an IP osmotic pump. 

The pump (Alzet miniosmotic pump model 2001 Cat 4708-0, Alza 
Corp, Palo Alto, Calif) was implanted surgically. Atropine sulfate, 
0.5 mg/kg, was given intramuscularly 15 minutes before anesthesia 
with ketamine hydrochloride (Ketalar, 20 mg/kg, Cat 26980, Parke- 
Davis Canada Inc, Scarborough, Ontario) and xylazine (Rompun, 
4 mg/kg, Cat 6894, Miles Pharmaceuticals, Rexdale, Ontario) intra- 
muscularly. While unconscious, the rats were kept under a heat lamp. 
The abdomen was clipped, and through a 1-em midline incision, the 
preloaded pump (a 0.2-mL volume of 16, 32, or 64 mg/mL of LPS ina 
0.9% sodium chloride solution) was introduced into the peritoneal 
cavity. Thirty milliliters per kilogram of 0.45% sodium chloride solu- 
tion in 5% dextrose was administered IP at the same time. The 
incision was closed in two layers, and the animals were allowed free 
access to food and water. 


Blood Samples 


Ninety minutes after the LPS administration (unless stated other- 
wise), 1 mL of blood was obtained by a retro-orbital plexus puncture, 
with a capillary tube, under light diethyl ether anesthesia. The blood 
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was centrifuged (2000g for 20 minutes) and kept at 4°C overnight. On 
the next morning, an aliquot of serum was taken and kept at — 70°C 
until processed. Control experiments demonstrated that less than 
10% of TNF activity was lost at 4°C overnight. For TNF determina- 
tion, the samples were thawed at room temperature immediately 
before processing, diluted 1:10 in complete RPMI media, and steril- 
ized with a filter (0.22 nm Stock No. 140666, Nuclepore, Toronto, 
Ontario). 


L929 TNF Bioassay 


We used a standard cytotoxicity assay for TNF activity on the 
TNF-sensitive L929 cell line.” Briefly, 100 pL of 2.5 x 10° cells per 
milliliter of L929 cells suspended in RPMI-1640 (Cat 430-1800, Gibco, 
Burlington, Ontario) that was supplemented with 10% fetal bovine 
serum (heat inactivated at 56°C for 30 minutes) (Cat 29-161-54, Flow 
Laboratories, McLean, Va), L-glutamine (300 mg/L, Cat 320-5039, 
Gibco), gentamicin sulfate (10 mg/L, Cat G-3632, Sigma Chemical Co, 
St Louis, Mo), and 2-mercaptoethanol (5 x 10°° mol/L, Cat MX309 
CQ6377, Matheson Coleman & Bell, Norwood, Ontario) was plated on 
96-well tissue culture plates (Cat 3072, Falcon, Becton Dickinson 
Canada, Mississauga, Ontario) and cultured overnight at 37°C and in 
humidified 5%carbon dioxide to establish a subconfluent monolayer. 
The media were removed, and 50 uL of 2 mg/L of dactinomycin (Cat 
A-1410, Sigma) in complete RPMI media was added to each well, 
followed by 50 uL of serial dilutions (beginning with 1:10) of serum 
samples in complete media, giving a final concentration of 1 mg/L of 
dactinomyein. Serial dilutions of rMuTNF-alfa (recombinant murine 
turmor necrosis factor-alfa) (specific activity, 210’ U/mg) were 
included as the standard to detect major variations in sensitivity. 
After 18 hours of incubation at 37°C in 5% carbon dioxide, freshly 
prepared MTT ((3-(4,5-dimethylthiazol-2-yl-2,5-diphenyltetrazolium 
bromide], Cat M-2128, Sigma), 20 uL per well, at 4 mg/mL in Dulbec- 
co’s phosphate-buffered saline solution (Cat 450-1300, Gibco) was 
added, and the plates were incubated for 4 hours at 37°C and in 5% 
carbon dioxide. Then, the supernatant was removed, and 100 uL of 
acid isopropy! alcohol (A-419 and A-144-500, Fisher Scientific, Fair 
Lawn, NJ) (0.04N hydrochloride) was added, followed 5 minutes later 
by 100 uL of distilled water. The plates were read with an enzyme- 
linked immunoserbent assay reader (Minireader II, Dynatech, Alex- 
andria, Va) witha 550-nm filter. 

One unit of aetivity was defined as the reciprocal of the dilution 
required to produce a 50% decrease in absorbance relative to control 
cells exposed to actinomycin D alone. Each sample was assayed in 
triplicate. The detection limit of the TNF assay was 35 pg/mL of 
serum, and the results were expressed as units per milliliter x 10’ to 
correct for a minor difference in sensitivity from assay to assay 
(1 U=35+17 pg/mL). All samples from a specific experiment were 
tested in a single assay. The optical density obtained at a particular 
dilution (the ene chosen was the closest to a reading equivalent to 1 U) 
was compared with a standard curve obtained with the r-MuTNF- 
alfa. 


Tolerance Induction 


The injectionof sublethal doses of LPS is the common factor to the 
schedules employed to induce tolerance. The different methods em- 
ployed were as follows: (1) a single IP injection of 0.5 or 5 mg/kg of 
LPS; (2) four IP doses of 5 mg/kg per dose (one every day); and (3) an 
initial course of 5 mg/kg per dose (IP) on each of 4 consecutive days, 
followed on day 4 thereafter by a single IP dose of 60 mg/kg of LPS. 


RESULTS 
Weight Loss 


Various schemata were utilized for a comparison of weight 
loss provoked by the administration of LPS. Figure 1 shows 
the weight loss induced by a single injection, repeated daily 
injections, or continuous infusion of LPS. Group 1 received a 
5-mg/kg single dose, group 2 received a daily dose of 5 mg/kg 
per dose fer 4 days, group 3 received a continuous infusion of 
3.4 mg/kg per day for 7 days, and group 4 controls were 
implanted IP with an osmotic pump that was loaded with 
pyrogen-free saline solution. Body weight was registered 
every 24 hours. Regardless of the mode of LPS administra- 
tion, we found a loss of up to 9% to 14% of the basal body 
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Fig 1.—Weight loss induced by three different methods of endotoxin 
administration (mean value + SD, n=9 per group). Dashed line indi- 
cates single intraperitoneal (IP) dose (5 mg/kg); dottec line, repeated 
daily IP dose (5 mg/kg per day for 4 days); solid line, continuous IP 
infusion (3.4 mg/kg per day for 7 days); and dotted-dashed line, control 
group (saline solution—loaded pump). 


weight by day 3 compared with a minimal loss of 2% on day 1 in 
the control group, followed by a steady increase in weight 
thereafter. From day 4 on, there was weight recovery in all 
groups even though group 2 rats received one more dose of 
LPS a day before, and group 3 was receiving a continuous IP 
infusion of LPS up to day 7. Similar responses, although 
proportional in their magnitude to the dose of LPS utilized, 
were obtained by each of the previous three schemata of 
administration by using other doses. Maximal weight loss 
reached 16% with a continuous infusion of 7 mg/kg per day. 
Single and repeated injections of up to 10 mg/kg per day hada 
maximal weight loss of 12% and 13%, respectively. Control 
injections of saline solution never resulted in more than a 3% 
weight loss. In all instances, rats started to gain weight on or 
before day 4 (data not shown). 

To prove a difference in sensitivity to this effect during 
tolerance, we compared the weight loss induced by a single 
dose of 5 mg/kg of LPS in three different groups of rats (anda 
control group injected with saline solution): group 1, naive 
rats (without previous exposure to LPS); group 2, tolerant 
rats (that had completed, 4 days before, a course of four IP 
injections of LPS on consecutive days, 5 mg/kg per day); and 
group 3, rats (posttolerant) that had been rendered tolerant 
21 days before with this same schema. Similar curves for the 
naive and the 21 days posttolerant groups were obtained 
which indicated that responsiveness had been reeovered by 
day 21, although the amount of weight loss was less and the 
recovery was faster in the posttolerant group. In contrast, 
only 2% of weight lost by day 1, followed by recovery, was 
seen in the tolerant group comparable with the control group 
injected with saline solution (Fig 2). 


Lethality 


To investigate the differences in susceptibility to the lethal 
effect of LPS, three groups of rats were injected IP with 
different doses (1, 5, 15, 30, and 60 mg/kg) of LPS. The 
survival rate was followed up to 72 hours after challenge. 
Naive rats (group 1) showed a median lethal dose of 20 to 25 
mg/kg. A group of rats (group 2, posttolerant), challenged 30 
days after a course of tolerance induction (5 mg/kg per day for 
4 days), had a survival rate and a median lethal dose compara- 
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Fig 2.—Weight loss induced by a single intraperitoneal (IP) dose of 
endotoxin (5 mg/kg) (mean value = SD, n=9 per group). Dashed line 
indicates naive rats; solid line, tolerant rats (day 4 after 5 mg/kg per day 
of lipopolysaccharide [LPS] for 4 days); dotted-dashed line, posttoler- 
ant rats (day 21 after 5 mg/kg per day of LPS for 4 days); and dotted 
line, control group (IP injection of saline solution, 10 mL/kg on day 0). 


ble with that of the naive rats (again indicating that respon- 
siveness had been recovered). A third group of rats (group 3, 
tolerant), challenged 4 days after tolerance induction with the 
same schema, showed a 100% survival to every dose. 

The group of tolerant rats that received 60 mg/kg was 
challenged again 8 days later with 120 mg/kg of LPS, once 
more with no mortality demonstrating full refractoriness to 
the lethal effect of LPS. 


TNF Production 


To define the kinetics of the TNF serum levels, blood 
samples were obtained from a group of rats every 30 minutes 
after an IP dose of 5 mg/kg of LPS. The peak of TNF was 
achieved between 90 and 120 minutes after injection of endo- 
toxin (Fig 3). 

Another group of rats was implanted with a primed osmotic 
pump (to begin the unloading of LPS immediately after IP 
implantation”) for continuous infusion of LPS (2 mg/kg per 
day). The TNF production was followed as in the previous 
group and showed a peak at 2 hours after implantation and 
prompt diminution to undetectable levels thereafter, despite 
continued infusion of LPS (Fig 3). Finally, we wanted to know 
if during the tolerant phase the rats would still produce 
similar amounts of TNF after a challenge with LPS. A group 
of 20 naive rats were injected with 5 mg/kg of LPS on day 0 to 
induce tolerance. The rats were then assigned into four 
groups (n=5 per group) and challenged again with the same 
dose of LPS at different times thereafter: group 1 on day 2, 
group 2 on day 6, group3 on day 14, and group 4 on day 20. The 
TNF serum levels were determined 90 minutes after each 
injection. 

The levels, achieved on day 0, were 6100+2720 U/mL 

x 10°‘ (mean+SD). Peak levels were markedly diminished 
on day 2 to 6 +3 U/mL x 10°. 

There was a progressive recovery of TNF levels thereafter 
that continued up to day 20 (2350 + 1410 U/mL x 10‘) (Fig 4). 
This same experiment was done by using 0.5 mg/kg per dose 
of LPS to induce tolerance and the same 5 mg/kg per dose to 
rechallenge as before. The serum levels of TNF on day 0 for 
this group were comparable with those obtained with the 
higher dose (5 mg/kg per dose), and similarily, an equal 
reduction on day 2 on rechallenge was shown. Nevertheless, 
there was a trend to obtain an earlier recovery of responsive- 
ness (P<.05, two-way analysis of variance with the Bonfer- 
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Fig 3.—Kinetics of tumor necrosis factor (TNF) serum levels (units per 
milliliter x 10~') after lipopolysaccharide (LPS) administration (mean 
value, n= 5 per group). Dashed line indicate single intraperitoneal (IP) 
bolus (15 mg/kg); solid line, continuous infusion (2 mg/kg per day). 
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Fig 4.— Tumor necrosis factor (TNF) serum levels (units per millili- 
ter x 107’) 90 minutes after intraperitoneal (IP) lipopolysaccharide 
(LPS) administration. First dose on day 0 (induction of tolerance). 
Second dose (rechallenge) on days 2, 6, 14, or 20 (mean value- 
+ SEM). Soiid line A indicates induction, 5 mg/kg (n = 20), and rechal- 
lenge, 5 mg.kg (n=5 per group); dashed line B, induction, 0.5 mg/kg 
(n= 20), anc rechallenge, 5 mg/kg (n=5 per group). P<.05 on days 6 
and 14. 


roni correction for significance on days 6 and 14) (Fig 4), which 
suggested that the duration of tolerance could be proportional 
to the dose used to induce tolerance. 


COMMENT 


We have studied LPS tolerance in relation to TNF produc- 
tion in a rat model. The weight loss and its subsequent recov- 
ery were similar when LPS was administered either by a 
single sublethal dose, repeated daily injections, or continuous 
infusion during 7 days. Thus, the mechanisms that ultimately 
result in weight loss (reduction in food intake, diarrhea, in- 
creased catabolic state, etc), once triggered, become tempo- 
rarily refraetory, and no further response is elicited by added 
amounts of LPS. At the same time, the animals are tolerant to 
a lethal dose of LPS and produce little or no TNF in response 
to LPS. 
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In accordance to the well-demonstrated role of TNF as a 
mediator of LPS toxicity,”” these results suggest that the 
mechanism of tolerance is a blockade of TNF production. 
Several findings, however, tell us that this is an oversimplifi- 
cation. Repeated injections of TNF or both interleukin 1 and 
TNF induce tolerance to itself, as well as to LPS.” Similari- 
ly, LPS-induced tolerance results in an insensitivity to the 
lethal effects of TNF.” Thus, tolerance is effected not only at 
the endotoxin-TNF link but also beyond this level because 
LPS tolerance cannot be overcome by exogenous administra- 
tion of TNF. ”®” 

Tolerance is unlikely due to an immune mechanism, such as 
antibodies to LPS or TNF, as one would expect to observe a 
late developing and long-lasting state of refractoriness in- 
stead of the early short-lived one seen. When anti-LPS anti- 
bodies are present at day 20, sensitivity to LPS is recovered 
(data not shown). 

The blockade of TNF production could be due to a de- 
pressed LPS receptor expression or downregulation of TNF 
synthesis. The LPS-resistant mouse strain C3H/HeJ lacks 
the gene that controls the responsiveness to LPS, and such 
mice fail to produce TNF; however, such mice also do not 
produce interleukin 1,” interferon,”” or prostaglandins E, 
and F,„* in response to endotoxin. Macrophages, derived from 
LPS-induced tolerant mice (sensitive strains), also do not 
produce prostaglandin E,-and F,, when stimulated with LPS 
in vitro.“ 

Although TNF can induce all the signs of septic shock, a 
host of other mediators, most with lethal potentialities, are 
induced by LPS. Their role in LPS tolerance still needs to be 
clarified to gain insight in the pathophysiology of the LPS- 
cytokine axis and their mede of regulation. 

We conclude that on the injection of sublethal doses of LPS, 
animals become unresponsive (tolerant) to the effects of LPS, 
showing minimal weight loss, refractoriness to the lethal 
doses of LPS, and low TNF production as measured by the 
L929 assay. The tolerance phase apparently is, at its best by 
days 3 to 5, followed by a slow recovery of responsiveness. 
This recovery seems to be only partial. A single gene activa- 
tion/deactivation system could be the common pathway of the 
tolerant state. 


The rMuTNF-alfa used in thesstudy was provided by Genentech Inc, South 
San Francisco, Calif. 
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Discussion 


DOUGLAS WILMORE, MD, Boston, Mass: A variety of human and 
animal studies have demonstrated that repeated injection of endotox- 
in causes tolerance to this molecule. For example, after a week of 
daily injections of endotoxin in normal humans, they would all become 
tolerant, and lethal doses of endotoxin would have little effect on 
these normal humans. 

To understand this response is extremely important and may be 
one of the most important questions addressed by this society. Con- 
sider that tolerance can occur to any of us in the room, but it does not 
happen to our patients. Our patients can become infected and remain 
febrile for long periods, but tolerance does not develop to gram- 
negative endotoxin in these patients. Why tolerance to endotoxin 
develops in normal humans but tolerance does not develop in people 
who are sick poses a very critical question. 

Dr Sanchez-Cantu and his associates have taken on this very 
challenging problem, I am glad that Dr Sanchez-Cantu recently won 
the SIS-3M Company 1989 Fellowship Award because it gives him 
and his colleagues more time to spend on this problem. The authors 
have shown that TNF concentrations decrease with repeated injec- 
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tions of endotoxin and suggest that one of the methods of tolerance is 
through decreased TNF production. 

While this may be so, other factors also may be operative, and these 
factors include an increased distribution space to TNF, an increased 
clearance to TNF, and increased TNF bindings. 

As was pointed out toward the end of the study, the TNF adminis- 
trations, themselves, repeatedly induce telerance. This would sug- 
gest that clearance and distribution space factors and other kinetic 
events are also operative. 

Could the authors comment as to the role that these other factors 
should play in tolerance? Simply the peak level or a peak concentra- 
tion may not reflect a production rate. I wender if the authors could 
explain how in the future they plan to look at the production rate and 
clearance and distribution spaces in this field. 

The other observation reported in this study is that physiologic 
effects occurred, such as weight loss and a decreased food intake. This 
is a nice model to administer anti-TNF antibodies to bind TNF and to 
show that those physiologic effects were clearly related to TNF and 
not to other factors that are being stimulated and mobilized by TNF. 

Could the authors comment on how they plan to differentiate 
between the direct effects af TNF vs the indirect effects? 

Finally, the authors used the cytotoxic assay. Were the anti-TNF 
antibodies added to this assay to assure us that they were really 
assaying TNF and not other factors in this system? 

I really think that this is one of the clear areas where we need to 
continue to do research werk to understand tolerance, and why it 
occurs in some situations and not in others. 

ROBERT DEMLING, MD, Boston, Mass: To follow up on what Dr 
Wilmore said, this study used normal animals, and the human studies 
have been on normal patients. We and others demonstrated a similar 
endotoxin tolerance in a normal animal, whieh is fairly easy. 

Itis hard to do this in an injured animal though, ie, an animal witha 
burn or a superimposed injury, because of the amplifaction effect of 
the tissue inflammatory response. I wonder if the authors might have 
considered trying to do this also in an injured animal. 

Relative to endotoxin tolerance, there are a lot of data on the fact 
that endotoxin produces an oxidant-induced injury, leading to lung, 
liver, renal, and lipid peroxidation. These changes may in part be 
responsible for the weight loss, not just TNF. In addition, with a 
single dose of endotoxin, one turns on antioxidant activity in all these 
organs, such as that they can become protected from an oxidant 
challenge given 2 or 3 days. 

The inflammatory response is the same in the tissues, to the second 
insult. It is just that the organ defense mechanisms are increased. So, 
I would suggest in subsequent studies that the authors look at this 
well-described phenomenon and also look histologically at these tis- 
sues to verify whether, in fact, they truly are seeing a protection of 
the organ with intense inflammation, or in fact, they are preventing 
the inflammation that they would expect the latter to be the case if the 
TNF levels were actually decreased and TNF was playing a major 
role. The histologic evidence or data added to the study would cer- 
tainly add more information to our understanding of this process. 

ALBERT McManus, MD, San Antonio, Tex: I would like to know 
why this molecule is not immunogenic. Why does not a monoclonal 
response to the LPS develop in these animals, especially in 30 days? I 
do not understand how there would not be a difference in the elear- 
ance somewhere in the system. 

STEPHAN Lowry, MD, New York, NY: Let me just follow up also 
on the questions of Dr Demling, because I think we have been 
interested in the same problem. It is important for the authors to 
define endotoxin tolerance precisely. In other terms, is this a failure 
to recognize the specific antigen that they are giving repeatedly? 

I believe that we would like tolerance to be a true postreceptor 
phenomenon. However, I do not think the authors can demonstrate 
this unless they give them a different antigen. I wonder whether the 
authors have tried to challenge them with a different LPS antigen to 
see if tolerance to a variety of epitopes exists. 

EDWIN DEITCH, MD, Shreveport, When my colleagues and I give 
our endotoxin, the animals manifest a complete clinical syndrome that 
includes inactivity, ruffled fur, diarrhea, and conjunctivitis, and if the 
dose of endotoxin is high enough, ultimately, the aminals go on to 
shock and death. When the authors induced tolerance in their experi- 
ments, did they also induce complete tolerance to the entire range of 
systemic effects, or was this a relative tolerance, ie, the animals got 
sick but yet recovered? ' 

DR SANCHEZ-CANTU: First, Dr Wilmore asked why can normal 
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people be rendered tolerant and sick people cannot. This is an inter- 
esting issue, because, of course, most of us have seen patients with 
typhoid fever (temperature, 40°C) for 2 or 3 weeks. So, if we suppose 
that these patients have fever because of Salmonella typhi endotox- 
in, then why do they not become tolerant? 

It was demonstrated about 20 to 25 years ago that in these patients 
tolerance can be induced. If they are injected repeatedly with LPS, 
the increase in the fever response is dampered down. In other words, 
if a patient with typhoid fever is injected with endotoxin, a 1.5°C 
increase in fever will occur with the first challenge, and with subse- 
quent challenges, a diminished response will occur above the level of 
fever. 

This shows us that LPS effects and the fever in the typhoid state in 
this case are being produced by different mechanisms. They might 
not be so much related as we think. Of course, I have lots of doubts 
about the role of endotoxin after doing these experiments and after 
reviewing the rich literature on the issue. On the other side, Dr 
Wilmore asked if TNF clearance or redistribution could explain in 
part our results. 

At the beginning of my bibliographic review, I observed that 
people had claimed that increased clearance, both of LPS and TNF, 
could be considered one of the mechanisms of induced tolerance. But 
it has been clearly demonstrated that this is not the case; LPS 
clearance is increased, but in recent studies, TNF clearance has been 
shown not to be increased. 

So, the redistribution of TNF could explain why the peak diminish- 
es so rapidly but could not explain why we do not get any peak at all 
but only trace levels of TNF after a subsequent challenge during the 
most refractory phase, which is the second or third day after 
induction. 

Dr Wilmore also wanted to know what we are going to do next and if 
we used anti-TNF antibody in the assay. We did not have anti-TNF 
antibody so it is true that we have not proved that what is killing the 
L929 cells is TNF. We assume that is the case. But we do not have the 
anti-TNF antibody. 

What we are going to do from now on is, first, to try, as Drs 
Wilmore and Demling suggested, to manipulate this induction of 
tolerance (both with drugs that would prevent, for instance, produc- 
tion of prostaglandin E, or with other kinds of drugs, even corticoste- 
roids), and to try to see which other mediators are really relevant in 
the induction of tolerance and in the recovery of responsiveness. 

As demonstrated during the recovering phase, there is not a full 
recovery of TNF production. I did not show the data, but after a 
second cycle of induction and recovery, the levels were even lower, 
and that is also true for a third cycle. So, we think that there are a lot 
of different questions to ask in this model and a lot of things to 
investigate. 

Dr Demling commented about the oxidative effects in different 
tissues in different target organs. Unfortunately, I cannot comment 
on that point of antioxidative treatment or the oxidative effects of 
TNF on tissues. 

Dr McManus also commented on the difference in clearance. As I 
stated, the LPS clearance is increased, but the kinetics of clearance 
and the kinetics of tolerance are not in accordance. 

Dr Lowry asked if we have challenged the animals with different 
sources of LPS; no, we have not. We have only used Æ coli and even 
the same dose. But it is interesting to try to see if that is a possibility. 

What I can say is that it has been demonstrated that LPS cannot 
induce in vitro production of TNF from in vivo tolerized macrophages 
but zymosan can do it. So, there are different ways to trigger TNF 
production. Thus, maybe the LPS route is blocked, but there are 
other routes. 

Finally, Dr Deitch asked about the dose response and commented 
on the clinical response. 

It is true the rats, after the initial challenge of a high dose of LPS, 
became puffed and have a piloerection, conjunctival secretion, diar- 
rhea, and even bloody diarrhea; the rats that were tolerant did not 
manifest any of those symptoms. They were somehow lethargic just 
for maybe 12 to 48 hours, not as much as the naive rats, but they did 
not manifestdiarrhea. 

It was also evident that the rats that received continuous LPS 
administration with the IP pumps looked terribly bad at 24 hours; 
they did not move, they did not eat, and they were lethargic with 
diarrhea. That was also true at 48 hours. Suddenly, on the third day, 
the rats were playing happily, even though the LPS was still being 
infused in the peritoneal cavity. 
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èe Major mechanical trauma causes a severe suppression of 
B-cell differentiation and IgM synthesis in mononuclear leuko- 
cyte cultures. In this study the effect of recombinant lympho- 
kines and physiologic T-cell supernatants on B-cell differentia- 
tion was investigated. The influence of potentially suppressing 
monocytes and positive regulatory T-lymphocytes was eliminat- 
ed using purified B-cell cultures. Antigen-induced IgM synthesis 
was reduced on all days following trauma. Addition of recombi- 
nant interleukin 2 or T-cell supernatant enhanced but did not 
restore IgM synthesis. Although recombinant interleukin 4 and 
recombinant interferon gamma had a suppressive effect on IgM 
synthesis in controls, both lymphokines were ineffective in the 
patients’ IgM synthesis. Spontaneous IgG production in patients 
was dramatically elevated, and the addition of lymphokines did 
not show any enhancing effect in patients. These results demon- 
strate that the IgM/IgG shift observed in peripheral blood mono- 
nuclear cell cultures also exists in purified B-cell cultures. Inter- 
leukin 2 partially restored suppressed IgM synthesis, while 
interleukin 4 and interferon gamma were ineffective in patients’ 
B-cell cifferentiation. Interleukin 2 was the most effective lym- 
phokine for the induction of Ig synthesis. These results lead us to 
conclude that the altered B-cell metabolism might also be re- 
sponsible for the suppression of humoral immunity following 
trauma. 

(Arch Surg. 1989;124:1437-1442) 


epsis-associated multiple organ failure is a major cause of 

death following extensive trauma. The susceptibility of 
the polytraumatized individual to the development of infec- 
tious complications is to a large part due to the crucial impair- 
ment of almost all functions of the cellular and humoral im- 
mune system network. Negative regulatory macrophages via 
the excessive release of prostaglandin E, counteract predomi- 
nantly essential immune functions of the lymphokine cascade, 
such as antigen presentation, the production of interleukin 1, 
interleukin 2 (IL-2), and interferon gamma (IFN-y), and IL-2 
receptor expression.’* We have also found a massive suppres- 
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sion of B-cell differentiation and IgM synthesis in peripheral 
blood mononuclear cell (PBMC) cultures during the post- 
trauma period.‘ The degree of suppression correlated well 
with the amount of monocytes present in the PBMC cultures, 
while IgG and IgA synthesis remained unchanged following 
trauma. These data agree with the findings of Nohr et al,’ who 
described similar results in patients undergoing major sur- 
gery. In addition to the direct prostaglandin E,-mediated 
macrophage effect, there also may be intrinsic cellular alter- 
ations responsible for the suppressed B-lymphocyte func- 
tions. These include reduction of proliferative capacity and 
IgM synthesis or diminished responsiveness to growth 
factors. 

The objective of this study was to investigate differentia- 
tion of B lymphocytes in purified B-cell cultures from patients 
following trauma. The effect of recombinant lymphokines 
(rIL-2, rIL-4, and rIFN-y) and physiologic T-cell superna- 
tants (T-SNs) on B-lymphocyte differentiation and Ig synthe- 
sis was also studied on consecutive days following major 
mechanical trauma. 


PATIENTS AND METHODS 
Patients and Controls 


Studies were carried out in eight multiply injured patients (mean 
age, 31.1+5.9 years). All patients had blunt trauma that was consid- 
ered life-threatening. The injury severity score’ ranged from 12 to 57 
points (mean, 33.8+5.1). Five of eight patients had brain injury and 
every patient had a severe skeletal injury. Three patients suffered 
from abdominal and thorax trauma; the other five patients had thorax 
(n=8) or abdominal (n= 2) trauma alone. One patient became septic 
on day 13 and died of sepsis and multiorgan failure on day 46 after 
trauma. Two of eight patients developed minor infection episodes 
during the first 14 days. Fifteen healthy volunteers aged 22 to 58 
years (mean age, 29.9 + 2.8 years) were studied as contrals. 


Cell Preparation 


Peripheral blood mononuclear cells were obtained from patients on 
days 3, 7, 10, 14, and 21 after trauma by centrifugation of heparinized 
blood on Ficoll-Hypaque ient (Seromed, Munich, West Germa- 
ny; density = 1.077 g/mL).' Cells were washed three times in Hanks’ 
balanced salt solution before further processing. 
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Culture Medium 


All cultures were carried out in RPMI 1640 medium (Gibco, Karls- 
ruhe, West Germany) supplemented with penicillin G sodium (200 
U/mL), gentamicin sulfate (10 mg/L), L-glutamine (0.3 g/L), and 15% 
fetal calf serum (Gibco), 


Reagents and Growth Factors 


Formalinized Staphylococcus awreus Cowan I (SAC, Sigma Chem- 
ical Co, St Louis, Mo) was suspended in RPMI medium and used at a 
previously determined optimal final concentration of 1:13500. Recom- 
binant IL-2 was obtained from Biotest Diagnostics (West Germany) 
and rIL-4 from Genzyme (Boszon, Mass). T-cell supernatants were 
generated from phytohemaggIutinin (Burroughs Wellcome Co, Re- 
search Triangle Park, NC) stimulated purified T-cell cultures from 
healthy controls. Briefly 2 x 10° T lymphocytes were stimulated with 
phytohemagglutinin at a final concentration of 2.0 mg/L. After 48 
hours of incubation, cell cultures were washed three times in Hanks’ 
balanced salt solution amd centrifuged, and the supernatants were 
frozen at — 70°C. 


Cell Separation 


Peripheral blood mononuclear cells were separated over Ficoll- 
Hypaque density gradient (1.077).’ Peripheral blood mononuclear 
cells were depleted of monocytes by incubating them for 45 minutes at 
37°C in 6% CO, in flat plastiedishes. The cell eultures free of adherent 
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Fig 1.—Spontaneous IgM synthesis and IgM synthesis induced by 
Staphylococcus aureus Cowan | (SAC, 1:13 500) in purified B-cell 
cultures after a 7-day incubation. Cells of traumatized patients (n = 8) 
were prepared on days 3, 7, 10, 14, and 21 after trauma and compared 
with controls (n= 15). The "esults are mean + SEM. P = .097 by multi- 
variate analysis of variance for spontaneous IgM synthesis for patients 
vs controls, and P= .015 by multivariate analysis of variance for SAC- 
induced IgM synthesis for patients vs controls. 











monocytes were incubated with aminoethylisothiouronium bromide- 
treated sheep red blood cells (Sigma Chemical Co) for 60 minutes. The 
rosetting T-cell and nonrosetting B-cell populations were then sepa- 
rated by centrifugation over Ficoll-Hypaque density gradient. Non- 
rosetting eells were obtained from the interphase, again rosetted 

and centrfuged on Ficoll-Hypaque to remove residual T cells." 
B-cell cultures prepared in this way contained more than 70% 
B-1 positive (monoclonal antibody b-1, Coulter, USA) B cells, less 
than 2% pen T-positive (monoclonal antibody pan T, Ortho Diagnos- 
tics Systems Inc, Raritan, NJ) T lymphocytes, and less than 3% Leu- 
M3-positive (monoclonal antibody Leu-M3, Becton Dickinson, Moun- 
tain View, Calif) positive monocytes. The sedimental AET-treated 
SRBC rosette-forming cells from the first centrifugation were treat- 
ed with isetonic NH,Cl to lyse the erythrocytes. This population 
contained more than 98% pan T-positive T lymphocytes. 


B-Cell Differentiation Factor Assay 


B cells resuspended in complete RPMI mediums were dispensed in 
tubes (4 x 0° B cells per milliliter). Staphylococcus aureus Cowan I 
(1:13 500) was used as an antigen. Recombinant IL-2 (200 U/L), rIL-4 
(400 U/L), rIFN-y (200 U/L), and T-SNs (1:1) were added in appropri- 
ate volumes to reach a final culture volume of 1 mL per tube. Superna- 
tants were harvested after a 7-day incubation period and were kept at 
—70°C unti Ig levels were determined by enzyme-linked immuno- 
sorbent assay. 


Assay of IgM, IgG, and IgA Production 


The IgM, IgG, and IgA levels in culture supernatants of purified B- 
cell cultures were determined by double-sandwich enzyme-linked 
immunosorbent assay, as described by Voller’ and Engval and Perl- 
man.” Briefly, microtiter plates (96-well Immunoplates, Nunc, Ros- 
kilde, Denmark) were coated with 200 uL of appropriate dilutions of 
specific anti-I[gM, anti-IgG, or anti-[gA (Dakopatts, Hamburg, West 
Germany) in pH 9.6 carbonate buffer at 37°C over 3 hours. After 
washing, 200-uL serial dilutions of IgM, IgG, and IgA standard 
(Behring, Marburg, West Germany) in phosphate-buffered saline 
plus 0.05% Tween 20 (Merck, Darmstadt, West Germany) were 
added to the plates as the calibration curves. Dilutions of culture 
supernatants were added at the same time. After 2 hours at room 
temperature the plates were washed, and 200 wL of diluted specific 
alkaline phasphatase-conjugated anti-IgM, anti-IgG, or anti-IgA 
(Dakopatts) was added. After incubation overnight at room tempera- 
ture, plates were washed, and 200 uL of p-nitrophenylphosphate 
(Sigma Chemical Co) in diethanolamine buffer was added. Plates 
were incubated at 37°C and optical density was measured at 405 nm 
with an autematic multiscan plate reader. Concentrations of IgM, 
IgG, and IgA in culture supernatants were calculated and expressed 
as nanograns per milliliter per 1 x 10° B lymphocytes. 


Statistics 


For statistical calculations, the multivariate analysis of variance 
for repeated measures and the paired Student t test were used. The 
significance cf correlations was assessed with P<.05. 


Effect of Recombinant Lymphokines and T-SN on IgG Synthesis* 


IgG Synthesis, ug/L per 1 x 10° B cellst 


SAC and T-SN 
441+117 


SAC and riL-4 
45+11 


SAC and riFN-y 
56+21 


SAC and riL-2 
393 + 87 


Spontaneoust SAC 
Controls (n = 15) 117+28 138 +42 


Patients (n=8) 

Day 3 50=>21 127+59 
473 + 222 
294> 85 
285+ 57 


212+98 


96 +47 15+6 
423+178 354+ 139 
437 +129 167+53 

Day 14 364+ 131 402+113 382+111 404 +127 292+ 111 
Day 21 293+95 399 + 86 331+72 342 +91 292 + 83 
*T-SN indicates T-cell supernatant: SAC, Staphylococcus aureus Cowan |; riL-2, recombinant interleukin 2; riL-4, recombinant interleukin 4; and riFN-y, 
recombinant interferon gamma. 


tValues are mean + SEM. 
+P = .002 for patients vs controls by multivariate analysis of variance. 


265+97 
413+148 
346+ 106 


108+48 
443 +154 
320 + 56 


Day 7 490 +128 


Day 10 315=52 
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Fig 2.—Influence of recombinant interleukin 2 (rlL-2, 200 U/mL) and 
T-cell supernatant (T-SN, 1:1) on IgM synthesis in B-cell cultures 
stimulated by Staphylococcus aureus Cowan | (SAC) after a 7-day 
incubation. Cells of traumatized patients (n=8) were prepared on 
days 3, 7, 10, 14, and 21 after trauma and compared with controls 
(n= 15). The results are mean + SEM. P=.742 by multivariate analy- 
sis of variance for SAC and riL-2—induced IgM synthesis for patients vs 
controls, and P = .029 by multivariate analysis of variance for SAC and 
T-SN-induced IgM synthesis for patients vs controls. 


RESULTS 


Purified B-cell cultures activated with SAC are commonly 
used to explore the effect of lymphokines on B-cell differentia- 
tion without the influence of positive regulatory T lympho- 
cytes or negative regulatory monocytes.""” The stimulation 
index (SI) for Ig measurements, defined as the ratio of Ig 
values produced by B cells in the presence of antigen and/or 
lymphokines divided by the Ig level produced spontaneously 
without antigen or lymphokines, was used as a parameter for 
the effectiveness of the lymphokines. 


SAC-Induced Ig Synthesis 


The addition of SAC to purified B-cell cultures of healthy 
controls resulted in a twofold increase of IgM levels 
(SI=1.89, Fig 1). In contrast IgG synthesis showed only a 
weak augmentation of 20% compared to the baseline levels of 
unstimulated cultures (SI: 1.18) (Table 1). Immunoglobulin M 
synthesis induced by Staphylococcus aureus Cowan I in trau- 
matized patients was reduced on days 3, 10, and 14, with 
supranormal values on day 21 (P=.015, Fig 1). In contrast, 
spontaneous IgG synthesis was significantly elevated up to 
300% (day 7, P=.002, Table 1). The addition of SAC did not 
re 2 augment the high spontaneous IgG synthesis 
(SI=1.18). 


Effect of riL-2 on Ig synthesis 


In the presence of rIL-2, IgM synthesis (2112 + 391 ug/L) of 
the control group was significantly (P<.01) increased com- 
pared with background values (887+91 pg/L, SI=5.46, 
Fig 2), while IgG synthesis increased from 117+ 28 to 893 + 
87 ug/L (SI =3.36, Table 1). Recombinant IL-2-induced IgM 
synthesis of patients was reduced on all days after trauma 
compared with the control group (not significant). Immuno- 
globulin G synthesis was depressed on day 3 but reached 
norma! levels between days 7 and 21. Compared with sponta- 
neous IgM and IgG synthesis, the addition of rIL-2 elevated 
patients’ IgM synthesis, with a mean SI of 1.76 (for controls, 
SI =5.46), while rIL-2 only augmented IgG synthesis in pa- 
tients on day 3 from 50 +21 to 265 + 97 ug/L. On days 7 to 21, 
we didnot find any beneficial effect of rIL-2 on IgG synthesis 
(Table 1). 
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Fig 3.—Influence of recombinant interleukin 4 (riL-4, 400 U/mL) and 
recombinant interferon gamma (rIFN-y, 200 U/mL) on IgM synthesis in 
B-cell cultures stimulated by Staphylococcus aureus Cowan | (SAC) 
after a 7-day incubation. Cells of traumatized patients (n=8) were 
prepared on days 3, 7, 10, 14, and 21 after trauma and compared with 
controls (n= 15). The results are mean + SEM. P=.163 by multivari- 
ate analysis of variance for SAC and rlL-4—induced IgM synthesis for 
patients vs controls, and P=.172 by multivariate analysis of variance 
for SAC and rlFN-y—induced IgM synthesis for patients and controls. 


Effect of riL-4 and riFN-y on Ig Synthesis 


In the presence of rIL-4, IgM and IgG synthesis in the 
control group were reduced to 50% compared with back- 
ground levels (P<.05, Fig 3 and Table 1). Total amounts of 
patients’ IgM synthesis with rIL-4 did not show any alter- 
ation in comparison with spontaneous IgM production (Fig 3). 
Recombinant IL-4~induced IgG synthesis of patients demon- 
strated values similar to spontaneous (SI=0.76) or SAC- 
induced (SI = 1.02) IgG production (Table 1). 

In the control group, IgM production was decreased with 
the addition of rIFN-y from 387+91 to 251+138 pg/L 
(SI=0.65, Fig 3). Immunoglobulin G production of controls 
was reduced by 50% after the addition of rIF N-y (SI=0.48, 
Table 1). The data depicted in Fig 3 and Table 1 demonstrate 
that the addition of rIFN-y did not stimulate B cells of trau- 
matized patients to secrete more IgM or IgG than was pro- 
duced spontaneously or after the addition of SAC. 


Effect of T-SN on Ig Synthesis 


T-cell supernatant was used as a potential physiologically 
occurring reservoir of different lymphokines. After the addi- 
tion of T-SN, IgM synthesis of controls was increased fourfold 
compared with spontaneous IgM synthesis (P<.05, Fig 2). In 
addition, T-SN augmented IgG synthesis in the control group 
from 117+ 28 to 441+117 pg/L (Table 1). T-cell supernatant- 
induced IgM synthesis of patient cells was significantly re- 
duced (P = .029) during the posttrauma course, up to 80% (day 
3). T-cell supernatant could elevate IgM synthesis on days 3 to 
14 compared with spontaneous IgM synthesis (Fig 2) without 
reaching control values. No enhancing or suppressing effect 
of T-SN on IgG synthesis was observed in the posttrauma 
course compared with SAC-induced or spontaneous IgG syn- 
thesis of patients (SI = 0.83). 


COMMENT 


These studies were carried out to examine the influence of 
various cytokines on B-cell function of patients following 
major mechanical injury. We found a completely different 
effect of cytokines on B-cell differentiation and Ig synthesis in 
patient cells compared with that in healthy controls. Recom- 
binant IL-2 and, in part, T-SN, as physiologic sources of 
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cytokines showed an enhancing effect on Ig synthesis, but 
they were incapable of completely restoring the suppressed 
B-cell response. In contrast, rIL-4 and rIFN-y could not 
augment IgM and IgG synthesis. Interleukin 2 primarily 
supported suppressed differentiation and Ig synthesis of B 
lymphocytes following major trauma. 

A number of studies indicate that following thermal,” 
surgical,’ or mechanical trauma there exist marked defects 
in humoral immunity. Wood et al” studied the in vitro re- 
sponse of tetanus toxoid-specific antibodies in burned pa- 
tients and found an impairment of antibody response. This 
impairment correlated well with suppressed IL-2 production 
of T lymphocytes.” In addition, Wood et al showed that the 
tetanus toxoid-specific antibodies that were produced con- 
sisted primarily of the IgG subclass. Our own studies of B-cell 
differentiation and Ig synthesis by PBMC cultures*” demon- 
strated a massive depression of B-cell differentiation follow- 
ing mechanical trauma. This appears to be expressed through 
the reduced B-cell capacity to produce polyclonal cytoplasmic 
Ig and through a shift from IgM to IgG synthesis. This 
posttraumatic defect, as described, correlated well with the 
increased numbers of monocytes present in the individual 
PBMC cultures. Similar results have been reported by 
Pryjma et al,” which indicate that FeR* monocytes can sup- 
press pokeweed mitogen-induced polyclonal Ig synthesis. 

To investigate the effect of different cytokines on B-cell 
function and to document the intrinsic function of B lympho- 
cytes, we eliminated tne potential negative regulatory mono- 
cytes as well as potential positive regulatory T lymphocytes 
by using B-cell-enriched cultures. The data from the control 
group presented in this study indicate that rIL-2 can effec- 
tively support mitogen-activated Ig synthesis by B cells. 
Similar results have been reported by Muraguchi et al,” 
Zubler et al,” and Defrance et al.” However, work by Na- 
kagawa et al” suggests that IL-2 by itself may not be able to 
induce Ig secretion unless it is combined with other growth 
factors, eg, IF N-y. Studies have also shown contradictory 
findings concerning the effect of IL-4 on B-cell differentia- 
tion. Jelinek and Lipsky” and Karray et al” described a 
suppressive effect of rIL-4 on rIL-2-supported and SAC- 
stimulated B-cell cultures, while Defrance et al’ and Hofman 
et al“ reported a positive regulatory effect of rIL-4 on IgM 
and IgG production. In our study, rIL-4 was found to have a 
suppressive influence on IgM as well as IgG synthesis of 
healthy controls. Also, the addition of rIFN-y resulted in 
depressed production of both Ig subclasses in the control 
group. T-cell supernatant was found to increase IgM and IgG 
synthesis. However, the capacity of T-SN to enhance Ig 
synthesis in B-cel] cultures was less than that produced by the 
addition of only rIL-2. This might be explained by the pres- 
ence of inhibitory cytokines in T-SN or less-than-optimal 
concentrations of IL-2 in T-SN. 

The profiles af spontaneous IgM synthesis by purified 
B-cell cultures during the first 21 days after trauma are 
similar to those described previously for native PBMC cul- 
tures.‘ Antigen-induced IgM synthesis was reduced on days 
3, 10, and 14. The precise cause for the increase in IgM 
synthesis on day 7 follewing trauma is not known. Nonethe- 
less, temporary elevation of IgM synthesis on day 7 was not 
correlated with clinical status or infection episodes. The de- 
gree of suppression in purified B-cell cultures was less pro- 
nounced than in PBMC cultures. These results support our 
hypothesis that negative regulatory cells, which were mostly 
eliminated in enriched B-eell cultures, are a potential source 
of suppressed humoral ‘mmune response after trauma. 

The addition of rIL-2 or T-SN in combination with antigen 
(SAC) resulted in potentiation of spontaneous IgM synthesis, 
but the absolute values of IgM levels were always below 
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control values. The ability of IL-2 and T-SN to induce and 
augment Ig synthesis was reduced in traumatized patients 
compared with the control group. The suppressive influence 
of rIL-4 and rIF N-y observed in the control group was less in 
the patient group. These data indicate that B cells of trauma- 
tized patients are able to express receptors for IL-2 and bind 
this lymphokine. It remains unclear whether a decrease in 
receptor expression or an intrinsic dysfunction with a shift of 
IgM to IgG production is responsible for the decrease in 
absolute IgM levels. If there is an actual shift from IgM to IgG 
production, this reaction might not be regulated by mono- 
cytes or T cells, because it was also found in monocyte- and 
T-cell-depleted B-cell cultures. The reduction of spontaneous 
IgM prodaction in combination with highly significant sponta- 
neous IgG production might further indicate that this de- 
scribed shift is not solely influenced by cytokines or T-SN. 

The profile of IgG synthesis showed a delayed increase in 
the first 3 days after trauma. This may be partially due to 
damage of the B cell itself. Examination of blood smears, 
which was done on all consecutive days after trauma, dis- 
closed tha: all white blood cells were damaged in the first 3 to 4 
days. 

In contrast to IgM synthesis, there was no effect of cyto- 
kines on IzG synthesis. These results suggest that B cells in 
vivo, after being confronted with excessive antigen levels 
following trauma, are maximally activated to produce IgG 
and, therefore, the addition of cytokines could not further 
increase IgG production. In contrast to IgM synthesis, the 
intrinsic B-cell function to produce IgG was not influenced by 
mechanical trauma. 

Correlazing the posttrauma course with the alterations in 
the humoral immune response, we found a severe suppression 
of IgM preduction and a decrease in IgG synthesis until day 
14, when sepsis developed in one patient. In contrast, two 
patients, with injury severity scores of 12 and 18 points, 
showed higher IgM synthesis than the mean values of all the 
other patients. These results suggest that the degree of sup- 
pression and the shift from IgM to IgG might correlate with 
the severity of injury and the clinical events in the posttrauma 
course. However, because of the small number of patients 
used in ths study, a firm conclusion cannot be drawn at this 
stage. 

Our results lead us to conclude that B lymphocytes of 
traumatized patients show an isolated defect for IgM synthe- 
sis. These data, showing high IgG levels and depressed IgM 
output, support further our hypothesis of an intracellular 
shift from [gM to IgG synthesis. The present results demon- 
strate further that IL-2 may represent the most effective 
lymphokine for B-cell differentiation and Ig synthesis. In our 
studies, IL-4 and IF N-y were ineffective for the induction and 
enhancement of Ig synthesis. The suppressive effects ob- 
served in cell cultures of the control group, however, were not 
found in patients’ cells. An adequate explanation for this 
phenomenen cannot yet be provided; however, it might be 
due to the different sensitivity of patients’ B cells to cyto- 
kines, as has also been demonstrated for T cells.” 

Recombinart IFN-y was a gift of S. Alkan (Ciba-Geigy Corp, Basel, 
Switzerland). 

We thank Irshad Chaudry, PhD, for reviewing the manuscript and for his 


comments and suggestions. We also thank R. Maier and Sharon Waite for their 
patience and expertise in typing the manuscript. 
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Discussion 


JONATHAN MEAKINS, MD, DSc, FRCSC, FACS, Montreal, Cana- 
da: This is another in a long series of studies on the traumatized 
patient from the group at the Klinikum Grosshadern, Munich, West 
Germany, looking at the influence of trauma on the posttraumatic 
immune state. 

The data indicate that there is an alteration in the global production 
of either IgM or IgG in response to a nonspecific stimulus, an S awreus 
antigen. I assume that any other nonspecific stimulus, such as phyto- 
hemagglutinin, could have been used to generate these levels of IgM 
or IgG. 

There are very real differences in the generation of these two 
global responses; do you have any other data to support the concept 
that there is a shift from IgM to IgG production? 

It is clear that global IgM production is low. Immunoglobulin M is 
generally considered the primary Ig response, whereas IgG is 
thought of as a secondary response, although there is clearly some 
crossover. 

The IgG responses are markedly increased from the seventh day 
on; Carl Nohr, MD, has seen this phenomenon in our laboratories, and 
it appears to be very nonspecific. Dr Nohr calls it junk Ig, Ig that is 
nonspecific, nondirected, and not oriented toward any particular 
antigen but is simply the result of an intensely stimulated Ig-produc- 
ing cell in an immunocompromised patient. 

Can you comment on that? Clearly, even if the antigen-responding 
cell can produce lots of IgG, if the IgG is not directed to anything, this 
production is not useful. Are there any differences in these specific 
responses to a particular antigen, such as tetanus, that you looked at? 
Of course, this relates to the specific ability to handle a particular 
organism. 

It looks as if the IgG response is biphasic, but early on there is a 
depression in vitro that appears to be restored to normal later; 
however, from the 7th to the 21st day there is clearly an increased 
production of global IgG. What is different between the first 7 days 
and the second 2 weeks? 

One area we thought was important has to do with the nature of the 
antigen protein or polysaccharide and whether B cells function inde- 
pendently or if there is a T helper cell component to the development 
of the response. 

JOHN ALVERDY, MD, Chicago, Ill: I would like to know more about 
the trauma patients. What were their levels of injury? Did you use a 
trauma score to try to statify this group in any way so your data would 
appear more homogeneous? 

Also, I am surprised that it took up to 3 weeks after the injury 
before the IgM and IgG synthesis values recovered to control levels. 
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Were these patients nutritionally repleted by 3 weeks? How trauma- 
tized were these patients initially? 

JULITA TEODORCZYK-INJEYAN, PHD, Toronto, Canada: Your 
group demonstrated that expression of IL-2 receptors on T cells is 
impaired in trauma patients. B cells activated by SAC and anti-Ig also 
express IL-2 receptor. It has been shown recently that these cells are 
involved in polyclonal Ig secretion regulated by IL-2. In your cul- 
tures, was IL-2 receptor expression by B cells altered? Have you 
looked at the combined effect of IL-2 and IL-4 on both cell prolifera- 
tion and the secretion of Ig in your cultures? 

CAROL MILLER, PHD, Worcester, Mass: I have a question about 
the purity of your B cells. Did you use anti-CD20 to establish how 
many CD20-positive cells you had? 

I also have a question about the mechanism of suppression. It has 
been shown quite frequently in murine models that interferon gamma 
is a potent suppressor of B-cell differentiation, so it is not surprising 
that you got this result. In addition, it has been repeatedly demon- 
strated in lipopolysaccharide-driven systems that IL-4 drives the 
switch from IgM- to IgG-producing B cells. Could some of the sup- 
pression you saw and also some of the changes you are measuring in 
your system be a result of, first, lipopolysaccharide-driven polyclonal 
response stimulation and then an interleukin-stimulated switch medi- 
ated by the lymphokines you have generated? 

THOMAS HUNT, MD, FACS, San Francisco, Calif: I am not an 
immunologist, but I am concerned about the overall significance of 
studies of this sort. I am not aware that the specific immune system 
has much to do with resistance to S aureus, and, therefore, I wonder 
why you chose Staphylococcus as your first organism. 

I am concerned about the acquired immunodeficiency syndrome. 
Our patients with the acquired immunodeficiency syndrome have a 
very profound derangement of their cellular immune systems, yet 
they do not die of the same bacterial infections that afflict trauma 
patients. 

Could you explain the gamma globulin changes that have been 
found to appear in patients with the acquired immunodeficiency 
syndrome? 

MURRAY GIROTTI, MD, Toronto, Canada: Can you comment on the 
proliferative responses of the B-cell-enriched populations you were 
studying? I think this is a key issue that needs to be addressed if one 
looks at Ig production after stimulation. 

Like Dr Miller, I am very interested in knowing the percentage of 
B-cell-enriched cells you identified in your attempt to purify cultures 
with macrophage depletion with glass adherence. Most of us who 
have tried to do this find it extremely difficult. You cannot get rid of 
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all the macrophages; you are left with somewhere between 3% and 5% 
of these cells staining as macrophages. Can you comment on the 
significance of that? 

DR ERTEL: Antigens used in B-cell studies do not have the same 
effects on B-cell proliferation or differentiation. We used the SAC 
antigen for two reasons: According to the literature it is one of the 
most common antigens used in studies of B-cell function, and this 
allows us to compare our results with the others. Furthermore, in 
contrast to anti-Ig, SAC induces B-cell proliferation and 
differentiation. 

So far we have not investigated or proven the shift fram IgM to IgG 
on a molecular basis. The shift has, however, been demonstrated for 
patients with plasmacytoma. We believe that this shift may also exist 
in trauma patients and may cause the significant suppression of IgM 
synthesis, resulting in high levels of IgG. 

There might be an altered production of heavy chains, switching 
from p- to y-chain synthesis. We plan to investigate the molecular 
basis of the described B-cell defects following trauma, but we have 
not yet done these studies. It remains unclear whether B cells change 
their own production of heavy chains or whether there are two 
different cells producing IgM or IgG, as deseribed by Stevens et al. 

We realize that in these studies we are measuring unspecific poly- 
clonal Ig. It was not the cbjective of this study to correlaze the degree 
of depressed B-cell function with the clinica! outcome of the patients 
but rather to obtain basicinformation about the B-cell! function follow- 
ing trauma and how the B cell is influenced by lymphokines without 
the influence of negative or positive regulatory cells. 

We also did a booster immunization of all these patients with 
tetanus toxoids during their stay in our hospital. Further studies will 
be conducted to determine the levels of specific antibody production 
in response to tetanus toxoid in the supernatants of these polytrau- 
matized patients. 

Dr Meakins asked about the posttraumatic IgG profile with a 
depression of IgG production on day 3 and an elevation on days 7 to 21. 
In the first 3 days after trauma there might be damage of the B cell 
itself. Looking at blood smears, we found damage of all cell types only 
during the first 3 to 4 days following trauma. Thus, the damaged B 
cells might be the cause of the early depression in IgG. After this 
period, the depression in IgM synthesis and the elevation in IgG 
synthesis might be due toother intracellular or extracellular faetors. 

Dr Meakins last questien dealt with the T helper cell functions and 
their influence on humoral immunity. Wood et al earlier presented 
data that indicated that there is a relationship between depressed 
antibody production and decreased IL-2 production. I agree that T- 
cell defects are negative'y influencing the B-cell system in vivo. 
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However, the data in this report indicate that, in addition to T-cell 
depression, a defect in the B-cell function itself exists following 
trauma. 

Dr Miller commented that IL-4 in combination with lipopolysaccha- 
ride might be responsible for the switch from IgM to IgG. We have no 
evidence that the B-cell preparations had a contamination with lipo- 
polysaccharide, but we cannot exclude that the B lymphocytes were 
stimulated by lipopolysaccharides in vivo. Furthermore, there are 
conflicting data about the effect of IL-4 on B-cell differentiation. 
Jelinek and Lipsky” and Karray et al” described a suppressive 
impact of IL-4 on IL-2-supported and SAC-stimulated B-cell cul- 
tures, while Defrance et al” reported a positive effect of IL-4 on IgM 
and IgG production. As shown in the mouse model, a change in the 
ratio of TH-1 and TH-2 cell numbers in combination with altered 
production of lymphokines could prime B cells to produce higher 
amounts of IgG in vitro. 

Dr Hunt, SAC is a commonly used antigen in studies investigating 
basic mechanisms of the humoral immune response. As far as I know, 
patients with the acquired immunodeficiency syndrome have high 
levels of IgG and depressed IgM synthesis, resulting in high suscepti- 
bility to infections. 

I would like to give some information about our patients. The injury 
severity score ranged from 12 to 57 points. We used the injury 
severity scale published by Greenspan et al.” Five of eight patients 
had brain injury. Every patient had a severe skeletal injury and also 
thorax or abdominal trauma. Because of the small number of patients 
and the wide range of the injury severity score, it is too early to 
conclude that there is a definite correlation between the degree of 
depressed B-cell function and the clinical course after trauma. How- 
ever, this was not the objective of this study. Nevertheless, we did 
observe a trend: two patients who had injury severity scores of 12 and 
18 points and who both recovered from their injuries very quickly 
showed a lower depression of IgM synthesis than the patients with 
high injury severity scores. 

The purity of our B-cell cultures was investigated using the mono- 
clonal antibedies pan-T for T cells, B1 for B lymphocytes, and Leu-M3 
for monocytes. More than 70% of cells present in the cultures were 
Bl-positive, while less than 2% T lymphocytes and less than 3% 
monocytes were found. 

Dr Girotti asked whether we also studied B-cell proliferation. We 
did examine this and found a significant depression of B-cell prolifera- 
tion following stimulation with SAC. Addition of lymphokines elevat- 
ed but did net completely restore B-cell proliferation in vitro. In this 
study, we did not investigate IL-2 receptor expression on B cells 
following trauma. 
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Clinical Patterns of Cytomegalovirus Disease 


After Liver Transplantation 


Robert J. Stratta, MD; Mark S. Shaefer, PharmD; Rodney S. Markin, MD, PhD; R. Patrick Wood, MD; Erin M. Kennedy, MD; 
Alan N. Langnas, DO; Elizabeth C. Reed, MD; Gail L. Woods, MD; Jeremiah P. Donovan, MD; Todd J. Pillen, PA; 


Robert M. Duckworth, CTPL; Byers W. Shaw, Jr, MD 


è During a 43-month period, we performed 248 liver transplan- 
tations in 211 patients (127 adults and 84 children). Cytomegalo- 
virus (OMV) disease was documented in 73 recipients (34.6%). 
Risk factors for CMV disease included donor CMV seropositivity, 
antilymphocyte therapy, and retransplantation. The mean time of 
occurrence of CMV disease was 38.3 days after transplantation, 
and the most frequent site of disease was the hepatic allograft. A 
total of 69 patients were treated with intravenous ganciclovir, 
with a prompt and lasting response documented in 51 (73.9%). 
The remaining 18 (26.1%) developed recurrent CMV disease, 
which was more common after primary CMV exposure. Cytomeg- 
alovirus disease was ultimately controlled by ganciclovir in 
94.2% of cases. This disease occurs early after transplantation 
and can be related to well-defined risk factors. Although ganci- 
clovir therapy is effective, preliminary experience with prophy- 
laxis shows promise in reducing the incidence of CMV disease. 

(Arch Surg. 1989;124:1443-1450) 


ith advances in selective immunosuppression and diag- 

nostic technology, cytomegalovirus (CMV) has become 
the single most important pathogen in clinical transplanta- 
tion.’ Although CMV is ubiquitous and usually asymptomatic 
in the general population, the potential severity of CMV 
infections in immunosuppressed transplant recipients is well 
established.’” Patients with CMV infections may have prote- 
an clinical manifestations, including fever, malaise, arthral- 
gias, leukopenia and thrombocytopenia, hepatitis, interstitial 
pneumonitis, enteritis, chorioretinitis, and disseminated dis- 
ease. In addition to producing clinical syndromes, CMV may 
have direct immunosuppressive effects, potentiate other in- 
fections, induce allograft dysfunction or chronic injury, pro- 
voke rejection by upregulation of class II HLA antigen ex- 
pression, and have oncogenicity potential." 

Infeetions are thought to represent either primary expo- 
sure (seropositive allograft or blood products into a seronega- 
tive recipient), reactivation of latent virus, or reinfection. 
The likelihood of developing CMV disease (invasive CMV 
infectien) is related to viral load as well as to the net state of 
immunosuppression.’ The net state of immunosuppression in 
transpiant recipients is determined by the level of immuno- 
suppressive therapy, the degree of granulocytopenia, injury 
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to primary mucocutaneous barriers, metabolic effeets, preex- 
isting immunity to the virus, the allograft reaction, and the 
immunomodulating effects of other pathogens. 

Infectious complications remain the major cause of morbid- 
ity and mortality in liver transplant recipients, with most 
series reporting a 60% to 80% incidence of infection.*"""" Risk 
factors for infection include preoperative morbidity, pro- 
longed antibiotic use, operating time, number of operations, 
and the magnitude of antirejection therapy.” 

The purpose of this study was to (1) define the incidence and 
severity of CMV disease in liver transplant recipients under 
cyclosporine-steroid immunosuppression with the availabil- 
ity of OKT3; (2) characterize the clinical patterns of CMV 
disease in this population; (3) assess the relative influence of 
donor and recipient factors on the incidence of CMV disease; 
(4) evaluate the efficacy of ganciclovir therapy on CMV dis- 
ease; and (5) identify high-risk groups who may benefit from 
regimens of prophylaxis. 


PATIENTS AND METHODS 
Definition 


Cytomegalovirus “disease” was defined as invasive CMV infection 
with histologic evidence of viral cytopathic effect or a positive CMV 
culture from a deep tissue specimen in the setting of suggestive 
clinical manifestations. Specimens used for the diagnosis of CMV 
disease included liver biopsy, endoscopic mucosal biopsy or brushing, 
bronchoscopic mucosal biopsy or brushing, and bronchoalveolar la- 
vage. ° The presence of positive blood or body fluid cultures (blood, 
urine, sputum, or stool) or positive serologic findings (presence of 
CMV-IgM or increase in titer of CMV-IgG) were not considered 
sufficient to establish the diagnosis of CMV disease. 


Study Population and Design 


During a 43-month period extending from July 1985 to February 
1989, a total of 276 orthotopic liver transplantations were performed 
in 237 recipients at our center. During this study period, all recipients 
surviving for at least 30 days after transplantation were retrospec- 
tively analyzed for the development of CMV disease. A total of 28 
transplantations in 26 patients who died within 30 days of transplan- 
tation were specifically excluded from the study analysis. None of the 
excluded patients had evidence of CMV disease, and inclusion in the 
study would dilute the true incidence of CMV disease in recipients 
surviving through the period of greatest risk. Therefore, the remain- 
ing 248 liver transplantations in 211 recipients were studied. 

Adult recipients composed 127 patients (60.2%) of this population, 
with a mean age of 43.0 years (range, 18 to 67 years). The remaining 
84 patients (39.8%) were children, with a mean age of 3.7 years 
(range, newborn to 17 years), including 20 infants under the age of 1 
year. The mean length of follow-up was 13.4 months, with a minimum 
of 2 months. The indications for liver transplantation in the adult and 
pediatric (age less than 18 years) recipient groups and the corre- 
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Table 1.—Primary Disease, Gender, and Associated 
Incidence of Cytomegalovirus (CMV) Disease 









Adults 

























Cirrhosis 51 28 23 20 (39.2) 
Primary 

biliary 

cirrhosis 29 3 26 9 (31.0) 
Sclerosing 

cholangitis 20 8 12 7 (35) 
Fulminant 

hepatic 

failure 13 3 10 8 (61.5)* 
Malignant 

neoplasm 7 3 4 5 (71.4)* 
Secondary 

biliary 

cirrhosis 4 2 2 O (0) 
Other 3 1 2 1 (33.3) 
Total 127 48 79 50 (39.4)* 

Children 

Biliary 

atresia 47 21 26 12 (25.5) 
Inborn 

metabolic 

error 11 5 6 0 (0)t 
Cirrhosis 8 6 2 6 (75)t 
Neonatal 

hepatitis 7 2 5 2 (28.6) 
Fulminant 

hepatic 

failure 6 3 3 3 (50) 
Malignant 

neoplasm 1 1 0 o (0) 
Secondary 

biliary 

cirrhosis 1 0 1 O (0) 
Other 3 3 0 O (0) 
Total 41 43 23 (27.4) 





*P=.10. 
tP<.05. 


sponding sex distribution are summarized in Table 1. A total of 37 
retransplantations were performed in the study group, including 33 
second and 4 third transplants. 


Patient Selection and Management 


Recipient selection criteria were primarily based on blood type 
(ABO) compatibility and size eonsiderations. No emphasis was placed 
on matching CMV-seronegative donors into seronegative recipients, 
although an attempt was made to avoid placing a seropositive allo- 
graft into a seronegative recipient. Intraoperative transfusion man- 
agement included the administration of up to 20 U of CMV-negative 
blood, after which packed red blood cells were usually given regard- 
less of CMV reactivity. Perioperative antibiotic prophylaxis (includ- 
ing three doses postoperatively) with intravenous cefazolin sodium 
and antifungal prophylaxis with oral nystatin were administered 
routinely. 

All patients were treated with combination cyclosporine-steroid 
immunosuppression, as described previously.” Initial rejection epi- 
sodes were treated with a steroid pulse and/or recycle.” The mono- 
clonal antibody OKT3 (Orthoelone; Ortho Pharmaceuticals, Raritan, 
NJ) or antithymocyte globulin (ATGAM, Upjohn Co, Kalamazoo, 
Mich) were employed for the treatment of steroid-resistant rejection 
or as induction therapy in patients with renal dysfunction who were 
unable to tolerate therapeutic doses of cyclosporine. ”” OKT3 was 
administered as a single daily intravenous bolus over 10 to 14 days 
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Biopsy/Brushings/Washings 


Histology/Cytology 


Viral Culture 


Immunofluorescence 
for Early Antigen 
(16-48 h) 


Viral Cytopathic 
Effect (Long-term) 


cDNA Probe/ 
Immur operoxidase 


Fig 1.—Mar agement algorithm of tissue specimens for the diagnosis 
of cytomegalovirus disease. See text for details. cDNA indicates 
complementary DNA. 








Fig 2.—Cytomegalovirus-infected bronchial epithelial cell and cyto- 
logic preparation from bronchoalveolar lavage. Typical findings in- 
clude cellular enlargement with intranuclear inclusions and cytoplas- 
mic granules (Papanicolaou stain, original magnification x 400). 


(5 mg/d in adults, 2.5 mg/d in children). ATGAM was given as a daily 
intravenous infusion over 4 to 6 hours at a dose of 10 to 20 mg/kg for a 
similar interval. 

Surveillanze viral monitoring (blood, urine, and throat cultures) 
was not performed routinely but only when clinically indicated and 
during antiviral therapy. The presence of viral shedding (positive 
blood or body-fluid cultures or positive results of serologic tests) was 
indicative of CMV infection but not clinical disease. Percutaneous 
liver biopsies were likewise performed whenever clinically indicated 
(hepatic dysfunction). Bronchoscopy with bronchoalveolar lavage 
was usually performed intraoperatively and also when clinically indi- 
cated (pulmonary symptoms, roentgenographic infiltrate, or oxygen 
desaturation’. Upper and lower gastrointestinal tract endoscopy was 
performed fcr clinical indications (investigation of symptoms, diar- 
rhea, or bleeding).” 


Diagnosis of CMV 


Our management algorithm for the detection of CMV disease is 
illustrated in Fig 1. Histologic or cytologic examination of the tissue 
specimen was initially performed for the presence of CMV. The 
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Fig 3.—Hepatocytes transformed by cytomegalovirus demonstrating 
the characteristic cytoplasmic granules and intranuclear inclusions 
with a prominent nuclear rim (hematoxylin-eosin, original magnifica- 
tion x 350). 


characteristic findings of a CMV-infected cell are shown in Fig 2. The 
spectrum of changes typical of CMV hepatitis are shown in Fig 3. 
Histologie detection for CMV was further enhanced by the use of 
hybridization techniques with a complementary DNA probe or im- 
munohistechemical staining (Fig 4).~ Viral cultures of tissue speci- 
mens were also performed, including the use of direct immunofluores- 
cence to detect CMV early antigen (Fig 5).” 


Treatment of CMV 


Once the diagnosis of CMV disease was established, specific antivi- 
ral therapy was begun with intravenous ganciclovir (DHPG; Syntex 
Research, Palo Alto, Calif) under an experimental protocol (5 mg/kg 
every 12 hours for 14 days). Dosage adjustments were made on the 
basis of level of renal function and as follows: serum creatinine level of 
120 wmol/L or less, 5 mg/kg every 12 hours; serum creatinine level of 
130 to 220 pmol/L, 2.5 mg/kg every 12 hours; serum creatinine level of 
230 to 408 wmol/L, 2.5 mg/kg every 24 hours; and serum creatinine 
level of greater than 400 pmol/L, 1.25 mg/kg every 24 hours. The 
majority of patients required only the standard 2-week course of 
ganciclovir therapy. 

The efficacy of ganciclovir therapy was determined by clinical 
response, surveillance viral cultures, and repeated evaluation of 
tissue specimens when indicated. For CMV hepatitis, therapeutic 
efficacy was assessed by normalization of liver function studies and 
histologie evidence of CMV disappearance. Response to therapy for 
CMV pneumonitis was evaluated by clearing of roentgenographic 
infiltrates, normalization of arterial blood gas values on room air, and 
clinical improvement. Reversal of CMV enteritis was determined by 
complete resolution of gastrointestinal tract symptoms with resump- 
tion of oral intake. In all cases of ganciclovir therapy, resolution of the 
nonspecific clinical manifestations of CMV disease (fever, malaise, 
arthralgias, leukopenia, and thrombocytopenia) were also taken as 
indirect evidence of a therapeutic effect. Finally, the elimination of 
viral shedding documented by surveillance viral cultures provided 
further evidence of effectiveness. 

Management of CMV disease also included a variable reduction in 
immunosuppression. Since the indication for ganciclovir therapy re- 
quired decumentation of invasive, life-threatening CMV infection, it 
is unlikety that a reduction in immunosuppression alone would pro- 
vide adequate therapy for these select cases of CMV disease. In our 
early experience with ganciclovir, cyclosporine therapy was stopped 
and steroids were reduced (10 to 20 mg of intravenous methylpredni- 
solone er oral prednisone daily). However, this therapeutic regimen 
was asseciated with an unaeceptably high incidence of subsequent 
allograft rejection. With increased experience with ganciclovir, we 
currently continue maintenance steroids and slightly reduce the cy- 
closporine dosage (aiming for 24-hour trough levels of 600 to 
800 ng/mL vs 800 to 1200 ng/mL by fluorescence polarization immuno- 
assay (“ibbott TDX, Abbott Diagnostic Division, Abbott Park, Ill). 

Further measures employed to optimize therapy for CMV disease 
included aggressive nutritional and metabolic support, prophylaxis 
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Fig 4.— Immunoperoxidase staining of cytomegalovirus-infected cells 
with staining of intranuclear inclusions and nuclear membrane (origi- 
nal magnification x 350). 





Fig 5.—Detection of cytomegalovirus early antigen by direct immuno- 
fluorescent staining of cultured fibroblasts infected with cytomegalovi- 
rus (original magnification = 400). 


and/or treatment of superinfection, and selective use of intravenous 
immune globulin (0.5 g/kg via intravenous infusion every other day 
for three doses, then at weekly intervals during hospitalization). The 
indication for immune globulin administration was the development 
of rapidly progressive sepsis in the setting of CMV disease despite 
the institution of specific antiviral therapy. 


Statistical Analysis 


Univariate analysis was performed by Student's ¢ test for continu- 
ous variables, the x’ test for categorical variables, and Fisher’s Exact 
Test when data were sparse. Actuarial survival was computed by 
Wilcoxon life-table analysis. A multivariate analysis was not per- 
formed. P<.05 was considered significant. 


RESULTS 
Epidemiology 


A total of 73 patients (34.6%) experienced one or more 
episodes of documented CMV disease. The incidence of CMV 
disease was slightly higher in adult recipients (39.4% vs 
27.4%; P=.10) (Table 1). Cytomegalovirus disease was espe- 
cially common in adults undergoing transplantation for fulmi- 
nant hepatic failure or malignant neoplasm (with preoper- 
ative radiation and chemotherapy). However, neither of 
these trends was significant. In contrast, children undergoing 
transplantation for postnecrotic cirrhosis were at a signifi- 
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Fig 6.—The effect of donor (D) and recipient (R) cytomegalovirus 
(CMV) serologic status on the incidence of CMV disease. Donor CMV 
seropositivity was a significant risk variable for CMV disease. 


Table 2.—Clinical Spectrum of Cytomegalovirus (CMV) 
Disease 
ce Or 


No. (%) 
Site Initial Site Recurrent CMV 
Liver 43 (57.3)* 6 (26.1) 
Hepatitis alone 34 3 
Hepatitis and pneumonitis 6 2 
Hepatitis and enteritis 2 0 
Disseminated 1 1 
Lung 23 (30.7) 13 (56.5) 
Pneumonitis alone 21 12 
Pneumonitis and enteritis 1 0 
Disseminated 1 1 
Gastrointestinal tract 9 (12) 4 (17.4) 
Enteritis alone 9 4 





*P<.05. 
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Fig 7.—The time course of cytomegalovirus disease after liver 
transplantation. 


cantly higher risk (P= .005) and those undergoing transplan- 
tation for inborn (metabolic) errors at a lower risk (P = .02) for 
developing CMV disease when compared with the remaining 
children. Donor and recipient CMV serclogic status was inti- 
mately related to the subsequent development of CMV dis- 
ease (Fig 6). In all serologic combinations, the incidence of 
CMV disease was slightly higher in adults. Primary CMV 
exposure (seropositive allograft into a seronegative recipient) 
was associated with a 78.6% incidence of CMV disease. When 
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both donor and recipient were CMV seropositive, the inci- 
dence o? CMV disease was 53.7%, which represents the fre- 
quency of both CMV reactivation and reinfection. In seroposi- 
tive recipients receiving a seronegative allograft, the 
incidence of CMV disease was 31.3%, which represents both 
reactivation and cases of transfusion-associated CMV. When 
both donor and recipient were seronegative, the incidence of 
CMV disease was 22.2%, which is related to the transfusion of 
blood products. The mean (+SD) intraoperative red blood 
cell trarsfusion requirements in adults and children were 
15.0+ 12.8 and 3.4+3.1 U, respectively. Massive transfu- 
sions (>20 U in adults, >5 U in children) did not place patients 
at a higher risk for developing CMV disease (P = .20). 


Clinical Features 


Table 2 illustrates the clinical patterns of CMV disease in 
liver transplant recipients. Most cases of CMV disease oc- 
curred in the first 2 months after transplantation (mean, 38.3 
days; range, 8 to 290 days), with only four cases developing 
after the first 3 months (Fig 7). The initial site of CMV disease 
was usually the liver, while recurrent disease often involved 
extrahepatic sites (especially pulmonary). The majority of 
cases of CMV disease (both initial and recurrent) were con- 
fined to sinyle-organ involvement (85.6%), at which time 
specific antiviral therapy was initiated. Two cases of dissemi- 
nated CMV disease occurred despite ganciclovir therapy, 
with the diagnosis confirmed on postmortem examination. 

Primary CMV disease (n= 11) usually involved the hepatic 
allograft resulting in CMV hepatitis (in 72.7% of cases) but 
was initially responsive to ganciclovir in all instances. Howev- 
er, primary CMV disease was associated with a high recur- 
rence rate (45.4% vs 21.0%; P<.01) when compared with 
other patterns of CMV transmission. After primary CMV 
disease, the mean time to recurrent disease was 23.3 days 
(range, 15 to 50 days), with all cases once again responsive to 
ganciclovir, resulting in 100% survival. 

Treatment with OKT3 or ATGAM accounted for the major- 
ity of cases (56%) of CMV disease. OKT3 treatment was 
required in 75 patients (35.5%), with a mean duration of 
therapy of 11.3 days (range, 4 to 15 days). Cytomegalovirus 
disease a*ter antilymphocyte therapy usually involved the 
hepatic allograft (69.0% vs 45.2%; P<.05), suggesting an 
interaction between CMV and the allograft reaction. The 
onset of CMV disease occurred a mean of 14.6 days after 
completion of antilymphocyte therapy. Cytomegalovirus dis- 
ease in this setting was usually responsive to ganciclovir, but 
ten patients (23.8%) developed recurrent CMV disease. 
Eventually, two grafts (4.8%) and one patient (2.4%) were 
lost due to ongoing CMV disease after antilymphocyte 
therapy. 


Risk Factors 


Univariate analysis revealed a number of risk factors pre- 
dictive of the eventual development of CMV disease. Inde- 
pendent risk variables included donor seropositivity, the use 
of antilymphocyte therapy (especially OKT3), and retrans- 
plantation. The presence of donor CMV seropositivity irre- 
spective of recipient serologic status was an independent 
predictor of the subsequent development of CMV disease 
(58.8% vs 29.4%; P<.001). The use of antilymphocyte therapy 
was highly associated with the subsequent development of 
CMV diseese (52.5% vs 25.2%; P<.01). The incidence of CMV 
disease after retransplantation was significantly greater than 
that after primary transplantation (51.5% vs 27.5%; P=.01) 
(Fig 8). Again, adults displayed higher rates of CMV disease 
in both categories, but the differences were not significant 
(P=.10). In patients requiring retransplantation for acute 
rejection, the incidence of CMV disease was 83.3%. 
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Fig 8.—The effect of retransplantation on cytomegalovirus (CMV) 
disease. Tne risk of CMV disease was significantly increased after 
retransplartation. 
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Fig 10.—The association of cytomegalovirus (CMV) disease with 
comorbid factors, resulting in a significantly greater mean length of 
initial hospitalization and higher overall mean costs. Asterisk indicates 
P<.05. 


Treatment With Ganciclovir 


A total of 69 patients with biopsy- or culture-proved CMV 
disease were treated with intravenous ganciclovir under an 
experimental protocol. The mean duration of ganciclovir ther- 
apy was 16.3 days (range, 3 to 45 days). A prompt and lasting 
response, characterized by clinical improvement and nega- 
tive viral cultures, was documented in 51 cases (73.9%). How- 
ever, in the remaining 18 patients receiving ganciclovir 
(26.1%), recurrent CMV disease developed at a mean time of 
32.9 days (range, 5 to 103 days) after stopping ganciclovir 
therapy. Fourteen patients were successfully retreated with 
ganciclovir, so that CMV disease was ultimately controlled in 
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94.2% of cases. Multiorgan CMV involvement was less re- 
sponsive to ganciclovir therapy. Significant adverse drug 
effects occurred in 5 patients (7.2%), with only 1 requiring 
complete discontinuation of ganciclovir. The most common 
side effects were mild leukopenia and thrombocytopenia. No 
cases of ganciclovir-resistant CMV disease were docu- 
mented.” 


Patient Survival and Morbidity 


A total of 13 deaths occurred after ganciclovir therapy, with 
10 due to sepsis. However, only 4 patients (5.8%), with poly- 
microbial infections, died with evidence of CMV disease. 
Postmortem examinations were performed in nearly all 
cases. Persistent disseminated CMV disease was believed to 
be the major cause of death in 2 cases. Actuarial patient 
survival in recipients with and without CMV disease (Fig 9) 
was equivalent in both groups. The presence of CMV disease 
was not an independent risk factor for either graft loss or 
patient death in this series. 

The presence of CMV disease was an index of morbidity 
during the initial hospitalization, as determined by length of 
hospital stay and total hospital charges (Fig 10). Although 
each of these end points was dependent on several other 
factors, there is no question that CMV disease occurred in 
sicker patients with more complicated problems and contrib- 
uted significantly to postoperative morbidity. 


COMMENT 


Cytomegalovirus is a frequent source of morbidity after 
orthotopic liver transplantation.*’ The three potential 
sources of CMV infection in the transplant setting are the 
donor organ, cellular blood products, and reactivation of en- 
dogenous latent virus. Ho et al” and Bettset al” first provided 
epidemiologic evidence of transmission of CMV via the trans- 
planted kidney in 1975. Dummer et al’ reported the preva- 
lence of CMV infection in 81 renal, 17 heart, and 21 liver 
transplant recipients (determined by CMV shedding or sero- 
logic rises in antibody titer) to be 78% in patients receiving 
cyclosporine and 76% in patients receiving azathioprine. 
Singh et al‘ studied 121 consecutive adult liver transplant 
recipients and found a 59% incidence of CMV infection. Symp- 
tomatic and disseminated CMV disease was more common 
after primary infection (88% vs 32%), especially in patients 
requiring OKT3 therapy. The donor organ appeared to be the 
most important source of CMV infection. Alexander et al” 
performed routine endoscopic procedures in liver transplant 
recipients and reported a 33% prevalence of gastrointestinal 
CMV infection. 

The level of immunosuppressive therapy is known to influ- 
ence CMV infection in transplant recipients. Both high doses 
of corticosteroids and the use of antithymocyte globulin have 
been associated with a higher incidence and severity of CMV 
infection in renal transplant recipients.“ The incidence of 
CMV infection reported in renal allograft recipients receiving 
cyclosporine and prednisone has ranged from 28% to 75%, 
with clinically overt disease documented in approximately 
10%." With cyclosporine-prednisone immunosuppression, 
a number of investigators have noted the potentiating effect 
of antilymphocyte preparations on the subsequent develop- 
ment of overt CMV disease.™*” In addition, the prophylactic 
use of antilymphocyte globulin in a quadruple immunosup- 
pressive protocol has been associated with an increased risk of 
infectious complications, including CMV.” The introduction 
of OKT3 into renal transplantation has resulted in higher 
rates of opportunistic infections.” 

Although the incidence of CMV infection varies widely in 
transplant recipients, a major predisposing factor is the pre- 
transplant CMV serologic status of the donor and recipi- 
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ent.” In our patient population, primary CMV exposure 
(seropositive allograft into seronegative recipient) was char- 
acterized by a high degree of disease transmission (nearly 
80%) and was prone to recurrence. However, the epidemio- 
logic characteristics of primary CMV disease were similar to 
the other patterns of transmission investigated in this study. 
In addition, primary CMV disease was responsive to ganciclo- 
vir, resulting in no graft or patient loss. Since donor seroposi- 
tivity was a significant risk factor for the subsequent develop- 
ment of CMV disease irrespective of recipient serologic 
status, we do not advocate protective matching of seronega- 
tive donors and seronegative recipients because of the scarci- 
ty of donor organs. 

Clinical experience with ganciclovir for CMV disease in 
liver transplant recipients is limited. Erice et al,“ Harbison et 
al,“ and Paya et al” reported on the efficacy of ganciclovir 
therapy for severe cytomegalovirus infections in 1, 9, and 12 
hepatic allograft recipients, respectively. Our experience 
with ganciclovir therapy in 69 patients.after liver transplanta- 
tion represents the largest reported series to date. Ganciclo- 
vir is a safe and effective agent for the treatment of CMV 
disease after liver transplantation. An important advantage 
of ganciclovir therapy has been the ability to treat CMV 
disease effectively without major dosage reductions in immu- 
nosuppressive therapy, thus avoiding the subsequent devel- 
opment or rejection. At present, immunosuppressive therapy 
is decreased only in the setting of life-threatening CMV 
disease. 

Cytomegalovirus disease in hepatic allograft recipients oc- 
curs early after transplantation and can be related to well- 
defined risk factors. Since ganciclovir is only available on a 
compassionate release basis for proved CMV disease, the 
issue of prophylaxis remains controversial. Concurrent use of 
immunoglobulin preparations with acyclovir has been studied 
as treatment of viral infections in bone marrow and solid- 
organ transplant recipients.“ However, conflicting results 
have been reported, and the use of these drugs after liver 
transplantation has not been adequately studied. In hepatic 
allograft recipients with primary CMV exposure, requiring 
OKT3 therapy, or undergoing retransplantation, the risk of 
developing CMV disease is above 50%. On the basis of our 
study findings, we have begun a trial of CMV prophylaxis in 
these high-risk patient groups. In seronegative reeipients 
receiving seropositive allografts, we administer intravenous 


acyclovir (5 mg/kg every 8 hours) immediately after trans- 
plantation until oral intake is resumed, at which time oral 
acyclovir is started (400 mg five times per day in adults, 
200 mg five times per day in children). In addition, patients 
receive intravenous immune globulin (0.5 g/kg) at weekly 
intervals for 6 weeks. To date, we have successfully pre- 
vented the development of primary CMV disease in four liver 
transplant recipients with no failures after limited follow-up. 

A randomized trial of CMV prophylaxis in patients receiv- 
ing antilymphocyte therapy is currently being investigated. 
Patients are randomized either to receive no treatment (con- 
trol group) or prophylaxis with intravenous immune globulin 
(0.5 g/kg on days 1, 3, and 5 of OKT3 therapy, then at weekly 
intervals times three) and oral acyclovir in doses as above. To 
date, 24 patients have been randomized (12 in each group) 
with limited follow-up. The incidence of viral disease in the 
treatment group has been successfully reduced by the pro- 
phylactie regimen (58.3% vs 16.7%; P<.05). We have not yet 
randomized any retransplant recipients into a CMV prophy- 
laxis protocol. 

Insummary, CMV disease is a frequent source of morbidity 
after orthotopic liver transplantation. The importance of an 
aggressive diagnostic approach and high index of clinical 
suspicion cannot be overstated. Risk factors for the develop- 
ment of CMV disease include donor seropositivity, the use of 
antilymphocyte preparations, and retransplantation. Prima- 
ry disease and CMV after antirejection therapy usually in- 
volve the hepatic allograft, while recurrent CMV disease is 
usually extrahepatic in location. Cytomegalovirus disease 
usually occurs in the first 2 months after transplantation, with 
recurrent disease appearing within 2 months after completion 
of gancielovir therapy. Cytomegalovirus disease that devel- 
ops after antilymphocyte therapy usually occurs within 1 
month. Ganciclovir has revolutionized the treatment of CMV 
disease after liver transplantation. The availability of ganci- 
clovir has resulted in successful treatment of CMV disease 
without dramatic reductions in basal immunosuppression. 
Cytomegalovirus is a marker of the net state of immunosup- 
pression, and the presence of CMV disease is an index of 
morbidity that signifies overimmunosuppression. Since CMV 
disease occurs early after transplantation and can be related 
to well-defined risk factors, investigation of prophylactic 
strategies is warranted to reduce the incidence and/or sever- 
ity of CMV disease after liver transplantation. 
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Discussion 


DAVID DUNN, MD, PHD, Minneapolis, Minn: This very interesting 
clinical study confirms several important points regarding cytomega- 
lovirus infection occurring after solid organ transplantation. I think 
the most important one is that it again confirms that CMV donor 
status is an extremely important variable in this setting. 

The seeend point the authors have appropriately stressed is that 
this disease occurs during the increased state of immunosuppression. 
This can be due to a number of factors, primarily rejection therapy, 
often antilymphocyte polyclonal or monoclonal antibody therapy, and 
also after retransplantation, a point that has not been stressed in 
other studies in the literature to this extent. I think probably what we 
are seeing is an overall global state of host immunosuppression 
followed by additional immunosuppression in the perizransplant 
period. 

Furthermore, this study establishes the use of ganciclovir as a 
potential ferm of therapy without a reduction in immunotherapy and 
obviously in liver transplantation as opposed to a pancreas and kidney 
transplantation. This is an extremely important point in which all 
efforts must be made to salvage the transplanted organ. 

I would like to ask the authors several questions. What is it about 
the donor liver that carries CMV into the host, that in fact seems to 
predisposeto infection at that site? This is a very unique finding in the 
field. Is it the overall viral load or is it some abnormality at the host- 
allograft interface that causes this? We have data in over 100 cadaver- 
ic renal transplant recipients that indicate that oral prophylactic 
acyclovir therapy markedly diminishes the incidence of CMV infec- 
tion after transplantation. We in fact are now routinely administering 
this drug to all solid-organ allograft recipients because of these data, 
which are soon to be published. The authors mentioned some of the 
data in that regard, and I note that their study includes oral acyclovir 
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as well as antibody prophylaxis. Could they comment further on that? 

The authors mentioned that a number of patients required retreat- 
ment because of recurrence of disease. Did they note the emergence 
of ganciclovir-resistant viruses, which has recently been described as 
a potential cause of failure in patients with the acquired immunodefi- 
ciency syndrome who have CMV? Because of the spectrum of drug 
resistance in this setting, we are beginning to study other agents, 
such as foscarnate, and hope to have them available in this setting for 
recurrence of CMV due to this specific cause. 

WAYNE FLYE, MD, PHD, St Louis, Mo: This paper is particularly 
important in that the authors have shown that CMV disease does not 
adversely affect patient or graft survival. We know that risk factors 
fromm the donor really cannot be controlled. Disease in the recipient 
results from the introduction of new disease or reactivation in the 
recipient who has previously been CMV positive. Therefore, blood 
transfusions are a variable that the blood bank can control. What is 
the authors’ policy for using CMV-positive or -negative blood prod- 
ucts? Do they have some idea of how expensive CMV infection is in 
terms of patient morbidity and hospital costs? Will CMY prophylaxis 
have an impact on these costs? 

RICHARD HOWARD, MD, PHD, Gainesville, Fla: The authors’ 
incidence of CMV in hepatic transplant recipients was about 35% or 
36%. That is below what many studies show the incidence to be in 
kidney transplants. The difference may be due to the way they define 
CMV infection. The authors required histopathologic changes or 
culture from organs. Most studies dealing with kidney transplant 
recipients have accepted a change in serologic titer or culture of CMV 
from body fluids as indicative of infection. 

The most common place you can culture CMV is from the urine, and 
it usually reflects infection of the renal tubular cells. De the authors 
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have any idea of what the ineidence of CMV in their patients would 
have been if they had included these other sites? 

While we usually think that vigorous immunosuppression is the 
factor that increases the risk of infection of the cytomegalovirus, it 
also is the immune reaction itself. Certainly in animals vigorous 
immune responses without immunosuppression lead to reactivation 
of CMV, which might not be unexpected, since CMV usually is latent 
in the cells of the immune system itself. 

While there was no effect on the ultimate outcome because of CMV, 
it may have been troubleseme to treat and may have kept patients in 
the hospital longer. But if it did not result in any change in graft 
survival, can the authors justify the high cost of prophylaxis with 
immune globulin? 

JANE SHELBY, Salt Lake City, Utah: To focus on the authors’ high 
rate of CMV in their retransplant population, was there any differ- 
ence in the immunosuppression of those patients, given that you 
might expect a more vigorous allogeneic response, and therefore they 
may have been overimmunosuppressed? 

The authors observed 13 deaths due to infection after ganciclovir 
therapy, but only three were directly related to CMV, which may 
suggest that ganciclovir may not always be a safe and effective 
therapy. We have shown that ganciclovir is quite immunosuppressive 
by itself in normal and CMV-infected animals, which is not surprising 
due to its mode of action of inhibition of DNA synthesis. In that 
population, perhaps just by the use of ganciclovir and not backing off 
on their other immunosuppressants, those patients might have been 
put at risk for other infections because of overimmunosuppression. 

Cytomegalovirus infection has been associated with allograft rejec- 
tion in kidney transplant recipients, and we are currently looking into 
this in terms of heart transplantation at Utah. It seems to me, with 
the authors’ rate of CMV infection in liver transplant recipients, that 
this would be a beautiful model to look at the association between 
CMV infection and rejection. Because CMV is an inducer of y-inter- 
feron production, which in turn isa potent inducer of major histocom- 
patibility antigen expression, they may look in their biopsies from 
their patients to see if there is more major histocompatibility antigen 
expression on the allograft tissue associated with rejection episodes. 

Finally, I would, along with Dr Howard, take exception to the 
statement that the authors have localized the infection to the liver. 
Cytomegalovirus infection is very difficult to diagnose. As Dr How- 
ard mentioned, especially in children, often where you detect infec- 
tion isin the urine. Thus, by excluding blood and urine samples and by 
not looking purposely in the lung, they really do not know that there 
was not CMV at other sites of the body besides the allograft. 

HAROLD LAUFMAN, MD, PHD, New York, NY: What are the 
implications, medically, legally, or morally, of transplanting a liver 
from a CMV-seropositive patient to a seronegative patient? 

I know of a case of human immunodeficiency virus seropositivity 
having been transmitted in just this way, which led to a lawsuit. Have 
the authors given that any consideration? 

DR STRATTA: With regard to Dr Dunn’s comments, it is interesting 
that CMV is a different disease in liver transplant recipients than it is 
in kidney transplant recipients. It is unusual to see CMV in the 
allograft after a kidney transplant, although it is quite common to see 
CMV in the allograft after a liver transplant. Perhaps this hes some- 
thing to do with the viral lead that is being transplanted. 

But there is certainly the whole issue of the interaction between the 
allograft reaction, which may or may not manifest as rejection, and 
the subsequent development of CMV. This is an issue that continues 
to be controversial in terms of whether CMV infection, through HLA 
class 2 antigen expression, provokes rejection or whether rejection 
and concomitant increased immunosuppressive therapy provoke 
CMV infection. 

We have seen cases of both in our experience with CMV occurring 
before rejection and afterward. There is no question that a relation 
exists between the two that is still not completely understood. 

I have been impressed with the literature with respect to oral 
acyclovir prophylaxis. It appears to be somewhat effective for kidney 
transplant recipients but not for other solid-organ transplant recipi- 
ents, especially with respect to CMV, but certainly very good for 
Epstein-Barr virus and herpes simplex virus. 

That is why we have added not only oral acyclovir but the expensive 
immune globulin preparations to our prophylactic strategy. This 
regimen was an outgrowth of the bone marrow CMV experience in 
which the combination had much greater efficacy for treating CMV 
pneumonitis than did either drug alone. 
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A majcr problem is that ganciclovir is available only on a compas- 
sionate release basis. The specific definition of CMV disease is the 
definition that the company gives us in terms of whether or not we can 
obtain ganciclovir for use in this select patient population. 

We dic not perform routine viral surveillance monitoring until 
CMV disease was documented, and then we did follow it routinely. I 
would agree the vast majority of these patients had positive urine 
and/or positive buffy coat specimens for CMV when we looked forit in 
the setting of CMV hepatitis. But with ganciclovir therapy, it was 
tremendously effective in terms of decreasing and eliminating viral 
shedding 

In terms of the issue of ganciclovir resistance, I am aware of that 
recent article. As I mentioned, in our experience we had only four 
patients who died with CMV disease. We have been fortunate that we 
have nearly 100% postmortem follow-up on all of our liver transplant 
deaths, so I believe that we do have good data on the incidence of 
infections. 

In looking back clinically at these histories, the two patients who 
died with multiorgan CMV disease really represented, I believe, 
early failares of treatment or late diagnoses rather than ganciclovir 
resistance. I really do not think we have seen ganciclovir resistance in 
our experience based on the limited number of failures and the clinical 
course of those failures. 

In response to Dr Flye, the blood transfusions are certainly an 
important issue, since we did show a 22% incidence of CMV disease 
with blood transfusions in the donor-seronegative, recipient-serone- 
gative categories. 

Our current policy is to have 20 U of CMV-negative blood available 
for a liver transplant. Our mean transfusion requirement in adults is 
15 U; our mean transfusion requirement in children is 3.4 U. If the 
transplart requires more than 20 U, then we do not screen for CMV 
reactivity. 

A number of recent articles have pointed out the important fact 
that since CMV is very highly cell associated, it is often related to the 
white blood cell contaminant in the transfusion, and maybe we should 
be screening the platelets more importantly than the packed red 
blood celis. The incidence of CMV transmission may be higher with 
platelet transfusions as opposed to red blood cell transfusions. I have 
not had the opportunity to look at those data, and we do not routinely 
screen the platelets for CMV reactivity. Perhaps that is the reason 
why we are seeing a lot of CMV from a transfusion standpoint. 

Regarcing morbidity and cost, patients who had CMV disease had 
an average length of hospitalization of 80 days. Patients who did not 
have CMV disease had an average length of hospitalization of 38 days. 
Average cost with CMV disease was $250 000; average cost without 
CMV was $100 000. 

The CMV disease subset included patients who have a higher rate 
of rejection, higher rate of retransplants, and greatly increased 
morbidity. But there is no question that CMV is an index of morbidity 
in this pepulation and is associated with increases in the length of 
hospitalization and the cost. 

The immune globulin prophylaxis that we are using is not a hyper- 
immune globulin, so it is relatively inexpensive relative to some of the 
other products on the market. We believe that it is warranted with 
our limited randomized data. 

In response to Dr Howard, I agree that the whole issue of disease 
vs infection is a difficult one, and I think certainly a weakness of the 
study was that we were not performing routine viral surveillance 
monitoriag immediately after transplantation but only after we made 
a diagnosis of disease. 

In response to Dr Shelby, I agree that the retransplant group is a 
somewhat complicated group because a number of these patients get 
antilympocyte preparations and their steroid dose is certainly much 
higher than that of the patients who did not undergo retrans- 
plantation. 

I agree that with deaths after ganciclovir, although the majority 
are not due to CMV, the majority are due to sepsis, and there may be 
some immunosuppressive effect of the ganciclovir. 

In response to Dr Laufman, our data, which I did not show, with 
primary CMV disease included 14 patients with a seropositive donor 
into a seronegative recipient, and 11 contracted CMV disease (79% 
incidence of disease transmission). All of these responded to ganciclo- 
vir therapy. There was a high recurrence rate of CMV, 50%, and all of 
the recurrences responded to ganciclovir therapy, so that we had no 
graft loss or patient deaths with the primary CMV disease 
transmission. 
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Leukotriene B, Generation in Patients 
With Established Pulmonary Failure 
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èe We investigated the cause of the reduced leukotriene B, 
(LTB,) production seen in neutrophils from patients with estab- 
lished adult respiratory distress syndrome compared with con- 
trol neutrophils. Lymphocytes/monocytes from controls were 
found to synergistically enhance the amount of LTB, produced 
when incubated with neutrophils. This synergistic effect was not 
seen in cells from patients with adult respiratory distress syn- 
drome. Fatty-acid analysis of neutrophils from patients with 
adult respiratory distress syndrome and controls showed re- 
markable similarity in all quantities of fatty acids measured ex- 
cept for arachidonic acid, where there was a 22% reduction in 
patients’ cells compared with controls. Assay of the rate of gen- 
eration of LTB, and its degradation product, 20-hydroxy LTB,, 
revealed that reduced LTB, generation in patients’ neutrophils 
was not due to increased degradation of LTB, by hydroxylase 
enzymes. When the amount of LTB, being generated per milliliter 
of whole blood was analyzed in the patients with adult respiratory 
distress syndrome and compared with controls, it was deter- 
mined that the potential to generate LTB, in patients in the inten- 


sive care unit was three to five times greater than in controls. 
(Arch Surg. 1989;124:1451-1455) 


T' he adult respiratory distress syndrome (ARDS) was first 
comprehensively described as a clinical entity during the 
Vietnam War, resulting from nonthoracic injuries in both 
military and civilian situations.” The relation between pul- 
monary failure and ongoing sepsis was a critical observation 
to link neutrophil activation to tissue injury.* The role of 
complement in humans with ARDS was suspected when tran- 
sient hypoxemia and neutropenia were observed during he- 
modialysis.** Subsequent animal studies showed that infusion 
of activated complement in laboratory animals causes a patho- 
logical lesion characterized by neutrophil aggregrates in the 
pulmonary capillary bed.” However, studies in serum-free 
models suggest that the development of ARDS is not entirely 
dependent on the presence of complement.” The development 
of ARDS in such experimental models suggests that there are 
other mediators of inflammation that are central to the activa- 
tion of neutrophils. The characterization of the leukotrienes 
by Borgeat and Samuelsson’ led to the observation that medi- 
ators of neutrophil activation as potent as C5a, and made by 
the neutrophil, are present in the host. 

The importance of leukotriene B, (LTB,) in the pathogene- 
sis of ARDS has been suggested by animal studies showing 
that immediately following an infusion of endotoxin, lung 
lymph contains products of arachidonic acid activation by 5- 
lipoxygenase.” In addition to the leukotrienes, lung lymph 
also contains prostanoids; these lipid mediators are relatively 
short-lived compared with the leukotrienes.""” Further evi- 
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dence that leukotrienes play an important role in the develop- 
ment of ARDS was suggested by studies showing that ani- 
mals breathing 100% oxygen that were pretreatec with the 5- 
lipoxygenase inhibitor, BW755c, failed to develop ARDS. * In 
contrast, those animals given an inhibitor of prostaglandin 
synthesis were not protected from pulmonary oxygen 
toxicity. 

The possibility that the leukotrienes may have £ significant 
role in the development of ARDS and other inflammatory 
diseases has led to proposals for the use of dietary manipula- 
tion to alter the inflammatory response. Several studies have 
shown significant clinical benefit in patients g-ven a diet 
containing supplements with eicosapentanoic acl. Patients 
with rheumatoid arthritis given fish oil supplements rich in 
eicosapentanoic acid were clinically improved anc had better 
neutrophil function than controls. *” It was suggested that 
reduced linoleic acid and increased linolenic acid in the cells 
produced this effect. Another means for reducing eicosanoid 
production may be provided by the use of inhibitors of 5- 
lipoxygenase. 

In a previous study in patients at risk for developing 
ARDS, we found that neutrophils from those patients who 
subsequently developed ARDS made higher amounts of LTB, 
when stimulated by calcium ionophore A23187." This led us to 
suspect that the eicosanoids were playing an important part in 
the development of ARDS as had been suggested by animal 
studies. However, after the initial 24 hours in the intensive 
care unit, the patients’ neutrophil LTB, production was sig- 
nificantly reduced, suggesting decreased substrate, in- 
creased substrate degradation, or an inhibition of zhe enzyme 
systems involved in the synthesis of LTB,. This study was 
undertaken to define the mechanism of regulatioa of neutro- 
phil LTB, production once ARDS has developed ir patients. 


PATIENTS AND METHODS 


Patients 


A total of 10 patients (7 men and 3 women) from the surgical 
intensive care unit were studied 24 times and compared with normal 
laboratory personnel who served as controls. Patients were selected 
who had persistent, unresolving pulmonary failure. These patients 
had had a major intra-abdominal inflammatory process, such as a 
ruptured viscus (n=4), pancreatitis (n=2), or an intra-abdominal 
abscess (n = 4). All patients required ventilatory support, had bilater- 
al interstitial infiltrates on chest roentgenogram in the oresence of a 
normal wedge pressure, and had noncompliant lungs requirmg posi- 
tive end-expiratory pressure to provide adequate tissue oxygen- 
ation. Seven (70%) of the 10 patients died. The mean (+SEM) age of 
the group was 61.8+7.5 years. Control blood was obtained from 
normal laboratory personnel and run concomitantly with patient 
samples. 


Cell Preparation 


Neutrophils and lymphocytes/monocytes were isolated from whole 
blood by preparations of diatrizoate meglumine and diawizoate sodi- 
um (Hypaque-Ficoll) followed by dextran sedimentatson. Neutro- 
phils were separated from contaminating red bleod cells sy hypotonic 
lysis as previously described.” 
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Concentration of Mononuclear Cells, x1 Million 


Fig 1.—Leukotriene B, (LTB,) generation in human neutrophils and 
lymphocytes/monocytes. The concentration of lymphocytes added to 
the neutrophil suspension is shown on the ordinate. The concentration 
of 0 indicates the amount of LTB, made by the neutrophils alone. The 
concentration of mononuclear cells indicates the amount of LTB, 
made by the lymphocyte/monocyte interface. Increasing concentra- 
tions of lymphocytes/monocytes incubated with increasing neutro- 
phils corresponded with increasing amounts of LTB,. PMNs indicate 
polymorphonuclear neutrophil leukocytes; MNCs, monocytes. 


LTB, Generation 


Purified cells were assayed using a modification of the method of 
Borgeat and Samuelsson.” Five million cells per milliliter were sus- 
pended in phosphate-buffered saline solution with 2 mol of calcium 
chloride and 0.5 umol of magnesium chloride. After incubation at 
37°C for 5 minutes, 1 umol of calcium ionophore A23187 was added. 
This was further incubated for 5 minutes, after which the suspensions 
were rapidly chilled and centrifuged at 1400g to remove the cells. The 
Supernatant was then assayed for LTB,, using reverse-phase high- 
pressure liquid chromatography with water-methanol-acetie acid 
mobile phase (35%-65%-0.02%, pH 5.40). Tritiated LTB, was used as 
an internal standard. Elution of the compound was monitored by an 
UV spectrophotometer at 270 nm. 


Neutrophil and Lymphocyte/Monocyte 
Coincubation Studies 


To determine the role nermal lymphocytes play in the generation of 
LTB,, lymphocytes/monoeytes were incubated alone or with neutro- 
phils, then stimulated with calcium ionophore A23187. A range of 
lymphocyte/monocyte concentrations was incubated with 5 million 
neutrophils to determine the optimal ratio of neutrophils and lympho- 
cytes/monocytes for the generation of LTB,. This concentration was 
found to be 5 million lymphocytes/monocytes. Subsequent studies 
were carried out at this concentration. In some studies, the amount of 
LTB, made by coincubations of neutrophils and lymphocytes/mono- 
cytes was measured and compared with the amount predicted by the 
addition of the amount made by the cells incubated separately. 


Neutrophil Lipid Analysis 


Neutrophils isolated from either patients or controls were purified 
and brought to a final concentration of 1x 10° cells per milliliter. 
Cellular lipids were extracted by a modification of the procedure of 
Folch et al." Briefly, 1 mL of neutrophils was vigorously mixed with a 
methanol and chloroform solution (2:1, vol/vol). The mixture was 
allowed to sit until a sharp interface was seen and filtered (No. 1 
Whatman filter, Whatman Inc Ltd, Maidstone, England), then the 
lower portion was separated, washed twice with chloroform, and 
evaporated to dryness under nitrogen. The extracted phospholipid 
component was then separated by thin-layer chromatography using a 
0.5-mm silica gel G chromatography plate with a solvent of petroleum 
ether hexane, diethyl ether, and acetic acid (60:40:1, by volume). The 
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Fig 2.—The generation of leukotriene B, (LTB,) by control cells. 
Lymphocytes/monocytes (M) made significantly less LTB, than poly- 
morphonuclear neutrophil leukocytes (PMNs) (P). The actual amount 
of LTB, made by the coincubation of lymphocytes/monocytes plus 
PMNs (M+ P/A) is significantly greater than the expected amount 
(M+ P/E). MNCs indicates monocytes; arrowhead, P<.01. 


phospholipid component was then methylated with methanol hydro- 
chloride, after which the fatty acids were separated by gas-liquid 
chromatography using a 100-m by 0.25-mm fine-silica capillary col- 
umn (SEP 2560, Supaleo, Bellfonte, Pa). 


Statistics 


All data are expressed as the mean+SEM. Statistical analyses 
were made using Student’ t test to compare means. A signifieant 
difference was P<.05. 


RESULTS 
Lymphocyte/Monocyte and Neutrophil Coincubations 


Lymphocytes/monocytes from normal volunteers incu- 
bated alone made significantly less LTB, than normal neutro- 
phils at the same concentration (Fig 1). When increasing 
amounts of lymphocytes/monocytes were added to 5 million 
neutrophils, increasing amounts of LTB, were generated. 
The increasing amount of LTB, generated correlated with the 
higher numbers of lymphocytes/monocytes added to the incu- 
bation mixture (r=.97, P<.002). The generation of LTB, was 
optimal when 5 million lymphocytes/monocytes were incubat- 
ed with 5 million neutrophils. The amount of LTB, made by 
this coincubation was higher than the amounts made by lym- 
phocytes/monocytes or neutrophils incubated alone and high- 
er than the additive products of the cells in coincubation (Fig 
2). 


Coincubation Studies in Patients’ Celis 


Unlike the responses seen in the control cells, cells from 
patients in the intensive care unit did not show a synergistic 
effect when lymphocytes/monocytes and neutrophils were 
coincubated (Fig 3). Cells from the lymphocyte/monocyte 
interface from preparations of diatrizoate meglumine and 
diatrizoate sodium gradient made significantly more LTB, 
than the neutrophil pellet. The additive effects of coincuba- 
tion of the lymphocyte/monocyte interface and the neutrophil 
pellet showed no increase over individual incubations; in fact, 
there was a slight but insignificant decrease in the amount of 
LTB, made. Part of these differences seen in the patients’ 
cells may be explained by the fact that the lymphocyte/mono- 
cyte interface of preparations of diatrizoate meglumine and 
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Fig 3.—The generation of leukotriene B, (LTB,) by patients’ cells. 
Lymphocytes/monocytes (M) made significantly more LTB, than poly- 
morphonuclear neutrophil leukocytes (PMNs) (P) from patients with 
established adult respiratory distress syndrome. The actual amount of 
LTB, made by the coincubation of lymphocytes/monocytes plus PMNs 
(M + P/A) was no different from the expected amount (M + P/E). MNCs 
indicates monocytes; arrowhead, P<.01. 


diatrizoate sodium gradient contains 65% + 10% vs 1% + 0.2% 
neutrophils (P<.01). In an effort to restore neutrophil re- 
sponsiveness in patients with ARDS to the control level, 
normal lymphocytes/monocytes were incubated with pa- 
tients’ neutrophils (Fig 4). There was a slight increase in 
LTB, generation over expected value, but this difference was 
not statistically significant. 


Generation Rates of LTB, 


Decreased amounts of LTB, were generated by neutrophils 
from patients with established ARDS compared with con- 
trols. The possibility that different rates of LTB, generation 
may account for these differences in total production of LTB, 
was investigated by determining the amount of LTB, made in 
neutrophils from patients with ARDS and comparing it with 
the amount made in normal cells (Fig 5). Generation of LTB, 
was measured by determining LTB, levels in aliquots of 
supernatant after neutrophils were incubated with calcium 
ionophore A23187 for 0.5, 1, 5, or 15 minutes. The generation 
of LTB, in both groups followed a similar pattern. By 0.5 
minutes, cells from both groups had made over 50 ng of LTB,. 
In the patient group, the generation plateaued at 1.0 minute 
then decreased. In the control group, the amount of LTB, 
generated did not plateau until 5.0 minutes. These differences 
were significant between the two groups at 5 and 15 minutes 
(P<.01). 


Generation of 20-Hydroxy (20-OH) LTB, 


To determine whether the decrease in production of LTB, 
was actually due to an increased degradation of LTB, the rate 
of 20-OH LTB, generation, the breakdown product of LTB,, 
was simultaneously determined with the production of LTB,. 
Similar to the LTB, generation, 20-OH LTB, production in the 
two groups paralleled each other (Fig 6). The amount of 20- 
OH LTB, made by the patients’ cells was less at all time points 
than the control group, but was significantly less than control 
cells only at 15 minutes (P<.03). This suggested that reduced 
levels of LTB, were not due to increased activity of the 20-OH 
enzyme, causing a rapid conversion of LTB, into 20-OH LTB,,. 
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Fig 4.—The generation of leukotriene B, (LTB,) by control cells mixed 
with patients’ cells. The expected amount of LTB, made by the incuba- 
tion of control polymorphonuclear neutrophil leukocytes (PMNs) and 
patients’ lymphocytes [E(cP+pL)] was no different from the actual 
amount [A(Cp+pL)]. The actual amount of LTB, made by control 
lymphocyte with patients’ PMNs [A(cL + pP)] was slightly more than 
expected [E(cL + pP)]. MNCs indicates monocytes. 
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Fig 5.—The production of leukotriene B, per 5 million cells over time. 
Solid line represents control neutrophils and dotted line represents 
patient cells. PMNs indicates polymorphonuclear neutrophil leuko- 
cytes; MNCs, monocytes; and arrowhead, P<.01 vs control. 


Neutrophil Fatty Acids 


Since reduced amounts of LTB, in patients’ cells did not 
appear to be due to increased degradation, analysis was made 
of the phospholipids in the neutrophil to determine whether 
reduced generation of LTB, was a consequence of reduced 
availability of substrate. The amounts of fatty-acid chains in 
the controls and patients are shown in Table 1. There is 
consistency in the amounts of fatty acids both within and 
between groups given the differences in age, sex, and diet of 
the various subjects. Only in the quantity of arachidonic acid 
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Fig 6.—The production of 20-hydroxy leukotriene B, (LTB,) per 5 
million cells over time. Solid line represents the control cells and the 
dotted line represents the patient cells. PMNs indicates polymorpho- 
nuclear neutrophil leukocytes; MNCs, monocytes; and arrowhead, 
P<.03 vs control. 


(20:4) was there a significant difference in the two groups, a 
22% reduction in the patient population (P<.02). When the 
amount of arachidonic acid was analyzed with respect to the 
amount of LTB, made per cell, no significant linear relation 
was found. 


Generation of LTB, per Milliliter of Blood 


Since the amount of LTB, was measured per cell and the 
patients with ARDS had significantly elevated white blood 
cell counts with an absolute increase in the number of neutro- 
phils (1.01+0.1 x10/L vs 6.68+1.2 x10°/L, P<.001), an 
analysis of the potential amount of LTB, generation, adjusted 
per milliliter of blood, was made and compared with controls 
(Table 2). When these data were analyzed, the total potential 
amount of LTB, a milliliter of patient blood could make was 
significantly greater at all time points than the potential 
amount control blood could make. 


COMMENT 


The regulation of LTB, production is exceedingly complex. 
Cells from normal subjects harvested from the lymphocyte 
interface of preparations of diatrizoate meglumine and diatri- 
zoate sodium gradient potentiate the production of LTB, by 
neutrophils from the same individual. Which cell from this 
interface is primarily involved with this potentiation was not 
determined in our studies. There is some controversy wheth- 
er lymphocytes can produce leukotrienes,” and recent careful 
analysis suggests that monocytes, not lymphocytes, make 
LTB,.” Platelets have also been shown to produce eicosanoid 
substrate, which neutrophils use to convert to other products 
of the lipoxygenase pathway.” Although platelet-neutrophil 
interactions were not specifically evaluated, lymphocyte/ 
monocyte-neutrophil interactions did not seem to function in 
critically-ill surgical patients as they did in healthy 
volunteers. 

The observation that neutrophils contaminate prepara- 
tions of diatrizoate meglumine and diatrizoate sodium inter- 
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Table 1.—Neutrophil Fatty Acid* 









% of Total 


p R S S 







Fatty Acid Ratio Control Patient 
16:0 15.6 (0.5) 16.5 (0.2) 
18:0 15.8 (0.2) 15.1 (0.2) 






*Data are expressed as the mean (SEM). 
tP<.02 vs control. 











Table 2.— Potential Production of LTB,* 
LTB,, ng/mL of Blood 
Patient 


Time, min Control 


| 68 (13) 475 (51)t 


99 (6) 513 (85)t 
167 (17) 543 (90) 
15.0 114 (15) 310 (58)t 


*Data are expressed as the mean (SEM). LTB, indicates leukotriene B,. 
tP<.00" vs control. 
+P<.01 vs control. 


0.5 
| 1.0 
5.0 


face containing mononuclear cells has been documented in 
burn patients.” A change in the neutrophil cellular density 
results in a subpopulation of cells that does not separate from 
the major portion ofneutrophils. Although many of these cells 
are immature, mature neutrophils are also present. Whether 
there are functional differences between these cells and the 
cells in the neutrophil pellet is not known, and our studies do 
not indicate there are any differences. The fact that more 
LTB, is made by the lymphocyte/monocyte layer than the 
neutrophil layer suggests a synergistic effect of the neutro- 
phils and mononuclear cells in the interface. However, when 
the two cell preparations were mixed, no significant increase 
in LTB, generation was seen. 

Several prospective studies have indicated that dietary 
alterations in the type and amount of fatty acid intake can 
effect neutrophil responsiveness.” Our data support these 
observations by showing that there is reduced arachidonic 
acid in neutrophils from patients whose cells demonstrated 
reduced LTB, generation. There was no linear correlation, 
however, between the amount of LTB, produced following 
stimulation and the amount of arachidonic acid in the phospho- 
lipid fraction of the neutrophil. Whether this lack of correla- 
tion is because there is no biologic relation or due to an 
inadequate sample size cannot be determined at this time. 

It is known that in in vitro conditions, endogenous arachi- 
donic acid must be supplied to generate LTB, using N-formyl- 
methiony]-leucyl-phenylalanine or C5a”™”; when calcium ion- 
ophore A23187 is used, however, polymorphonuclear neutro- 
phil leukocytes (PMNs) metabolize endogenous arachidonic 
acid to produce LTB,.” Other in vitro studies suggest that 
endogenous arachidonic acid is being metabolized when neu- 
trophils are stimulated with opsonized zymosan or N-formy]- 
methionyl-leucyl-phenylalanine.” The precise source of ara- 
chidonic acid the body actually uses to generate these 
bioactive lipids is not known. 

The cause for the decreased production of LTB, per neutro- 
phil of critically injured patients compared with controls was 
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examined and found not to be due to increased hydroxylation 
of substrate. The specific role that cell-cell interaction might 
have in critically ill patients is not known; our data suggest 
that the potentiating effect of monocytes/lymphocytes may 
y be as significant as in healthy individuals, The fact that 

e amount of mediator produced per milliliter of blood in in 


patients is several times that of the healthy subjects suggests 
that underproduction is not the problem with these patients. 
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Discussion 


RONALD MAIER, MD, Seattle, Wash: This study is a continuation 
of the authors’ work that implicates the LTB, as a chemoattractant, a 
strong PMNs stimulant, and a potential contributor to ARDS. 

The present study is an attempt to investigate the cellular mecha- 
nisms involved in the regulation of LTB, promotion, particularly in 
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patients with ARDS who were shown to produce lower levels of LTB 
than normal. Although the circulating PMNs in ARDS produced less 
LTB,, it was not due to increased turnover. Also, the normal ay en- 


tation of LTB, by the mon ii gm 
vith concaant daanan cyte population wa lost along 
ôdieade in àtachidonic acid metabolism. 

Although this study further supports the authors’ previous impli- 
cation that LTB, may be a major contributor to ARDS, it does not 
create a direct linkage. It is tempting to postulate that pre-ARDS 
PMNs are primed and that LTB, production is actually a monitor of 
the neutrophil activation state. Before ARDS occurs, as the authors 
have shown, there is enhanced production of LTB,, suggesting that 
these cells are primed. During ARDS, the PMNs become activated, 
release enormous amounts of LTB, (which further augments the 
inflammatory reaction), and then are subsequently released from the 
lung microcirculation and show a deactivation or inability to respond 
normally. 

It would be helpful if the authors could provide us with some 
additional information that they may have. If their theory is correct, 
other cell populations might react similarly and help confirm this. 
Have you looked at the neutrophils from the intra-alveolar compart- 
ment? These neutrophils would be expected to be even more deacti- 
vated and less efficient at producing LTB,. 

Second, although normal ceils are not affected by the preparation 
technique with diatrizoate meglumine and diatrizoate sedium, the 
PMNs being studied are not normal cells. I wonder if the authors 
looked to see if the preparation technique itself activated the cells to 
release LTB, during the isolation process, and, therefore, subse- 
quent stimulation did not cause release. 

The authors have presented partial evidence that the PMNs are in 
a postactivation state. The decrease in density documentec is consis- 
tent with degranulation of the PMNs, as has been shown by several 
studies. I wonder if the authors have other evidence that this has 
occurred. Did they measure myeloperoxidase or other granular con- 
tents that would confirm that degranulation has occurred in these 
circulating cells? 

The stimulus used for LTB, production was calcium influxusing an 
ionophore. Elevated baseline intracellular levels of calcium would 
also cause a similar deactivation pattern. Do the authors have any 
evidence that there is an elevated basal level of free calcium 
intracellularly? 

The arachidonic acid levels are decreased but not linearly, as 
mentioned in the report. It would be interesting to know if phospholi- 
pase C had been previously activated and arachidonic acid depleted. 
Would this cause the decrease in LTB, and other prostanoids where 
the other components of the arachidonic acid cascade have been also 
depressed? Have the authors looked at production of thromboxane, 
prostacyclin, or other prostanoids to see if they are similarly de- 
pressed in their production and release? 

Finally, the authors used a combined population of monocytes and 
lymphocytes. Do they have any speculation as to which of these two 
populations is most important in the augmentation and whether it is 
related to platelet activating factor or other agents released by 
macrophages that are known to cause arachidonic acid metabolism? 

DR DAVIS: I can summarize the majority of your questiens by 
saying no, we did not look at the intra-alveolar neutrophils, and we 
did not look at the purification process and see if it activated the cells. 
In prior studies, we have looked extensively at neutrophil degranula- 
tion. Although we did not specifically assay for granulation in this 
study, based on our previous data we suspect these cells were tre- 
mendously degranulated. 

We are in the process of using a cell sorter to isolate the interfaced 
cells and try to get a handle on the different qualities of the neutro- 
phils in the interface vs the pellet and also to try to separate mono- 
cytes from lymphocytes to see what specific individual qualities those 
two cell types have on LTB, generation, but we presently have no 
data. 

I have no data for you on calcium levels in these cells. 

We are in the process of looking at other eicosanoids, including 
some of the prostaglandins as well as other leukotrienes, and it 
appears that in some of these activated cells there are unique media- 
tors being generated that we do not see in normal neutrophils or 
normal monocytes or lymphocytes. 

Finally, in response to your last question, we do know that lympho- 
cytes do not make LTB, but that mononuclear cells do, and in eur 
coincubation studies it has been monocytes that are playing the 
important role in potentiating the LTB, generation. 
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What’s in a Name? Is Methicillin-Resistant 
Staphylococcus aureus Just Another S aureus 
When Treated With Vancomycin? 


Albert T. McManus. PhD; Arthur D. Mason, Jr, MD; William F. McManus, MD; Basil A. Pruitt, Jr, MD 


è Methicillin-resistant Staphylococcus aureus (MRSA) strains, 
principally resistant to penicillinase-resistant penicillins and 
aminoglycosides, are increasingly common hospital isolates. 
We have examined the significance of MRSA colonization and 
infection in 1100 consecutively admitted, seriously burned pa- 
tients in whom vancomycin was used to treat all staphylococcal 
infections. Colonization with S aureus (SA) was identified in 658 
patients, in 319 of whom MRSA colonization was identified. Two 
hundred fifty-three SA infections occurred in 178 patients; of 
these infections, 58% were pulmonic and 38% were bacteremic. 
Methicillin-resistant SA infections occurred in 58 of the SA-in- 
fected patients. A severity index, based on multiple-regression 
analysis of mortality as a function of burn size and age in the 
study population, was used to estimate expected mortality. We 
demonstrated no measurable increase in mortality attributable to 
MRSA in this population of burned, SA-infected patients. The 
results question the clinical and economic value of added control 
practices, such as closing of units, refusal of transfer or admis- 
sion, added isolation, treatment of carriers, furlough of colonized 
staff, and other expensive measures that are specifically directed 
at prevention of MRSA infections in critical care areas. 

(Arch Surg. 1989;124:1456-1459) 


daptations of B-lactam antibiotics to counter resistance 

developed by Staphylococcus awreuws (SA) have never 
been completely successful. The development of penicillinase- 
resistant penicillins (PRPs) during the early 1960s attempted 
to recoup the effectiveness exhibited by native penicillin 
when it was introduced nearly 20 years earlier, but soon after 
introduction of these agents to the antibiotic armamentarium, 
and perhaps even earlier, strains resistant to PRP were 
documented. ™ Strains resistant to PRP were also found to be 
resistant to cephalosporins and to other forms of B-lactam 
antibiotics. Unlike previous experience with strains resistant 
to native penicillin, which rapidly became common in both the 
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hospital and the community, infections caused by these new 
resistant strains appeared to be principally confined to hospi- 
tals. This confinement of PRP resistance to hospitals made 
such strains nosocomial pathogens by definition. The acro- 
nym MRSA (methicillin-resistant SA) became a common label 
for methicillin-resistant strains of SA. 

Methicillin-resistant SA strains, because they are readily 
identifiable and perhaps because they are characterized by a 
popular acronym, have been treated and reported as if they 
were distinct pathogens. From the early outbreaks in Europe 
in the 1960s to the present, the literature has been rife with 
reports on MRSA. Despite this outpouring of reports, howev- 
er, the virulence and true pathogenic significance of these 
strains relative to other SA strains causing infections in the 
same patient populations are not clear. This difficulty exists 
because denominators, such as severity of underlying patient 
disease, frequency of infection, and mortality under the same 
chemotherapeutic regimens, have not been reported. We 
have compared the significance of MRSA strains with that of 
methicillin-sensitive SA (MSSA) strains in causing infections 
in a population of 1100 burn patient admissions with known 
individual indexes of severity of injury and the same antimi- 
crobial therapy. 


MATERIALS AND METHODS 


Occurrences of SA colonization and infection were recorded in 1100 
consecutive burned patients admitted between mid-1982 and the first 
quarter of 1988. Microbial surveillance consisted of admission and 
three-times-weekly cultures of sputum, urine, and wound surface as 
well as stool cultures two times weekly for the first 30 days after 
admission, or more than 30 days if the patient remained in intensive 
care. Staphylococci species were identified by standard laboratory 
techniques and rabbit plasma (direct tube) was used for coagulase 
determinations. In vitro antibiotic testing was performed using agar 
overlay disk diffusion methods.* Penicillinase-resistant penicillin ac- 
tivity was measured using l-g oxacillin disks with incubation at 
35°C.° Methicillin-resistant SA strains were followed by computer, 
using antibiotic resistance patterns as identifiers. Bacteriophage and 
plasmid profiles were not performed. Colonization was defined as one 
or more isolations of a strain from any source. Infections and antibiot- 
ic usage were documented using prospective protocols and were 
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reviewed by the clinical staff and by the US Army Institute of 
Surgical Research (San Antonio, Tex) Infection Control Committee. 
Staphylococcus aureus infections were documented by culture and 
vancomycin was used exclusively for the treatment of documented 
SA infections. This practice had been initiated several years prior to 
this review in an attempt to reduce cross-selection for B-lactam 
resistance in gram-negative organisms. Vancomycin dosage was 
monitored by measurement of serum levels. When gram-negative 
infections occurred, the principal regimen was treatment with amika- 
cin sulfate and an ureido-penicillin therapy. Amphotericin B was used 
for systemic antifungal therapy. 

The first 115 patients were cared for in an open-bed intensive care 
ward; thereafter, a single-bed isolation intensive care unit was used 
for acute care. As we have previously described, following the cohort 
admission to the new single-bed isolation unit with its added physical 
isolation, our standard infection control practices were enhanced. A 
marked decrease in gram-negative infections and, in particular, 
Pseudomonas aeruginosa infections was correlated with a demon- 
strable improvement in survival, and this improvement has contin- 
ued.” To date, our standard infection control practices have contin- 
ued to prevent the reemergence of multiply resistant gram-negative 
strains that we have reported to influence mortality significantly.’ In 
contrast, SA strains have not been responsive to the same infection 
control practices. In this report, the significance of SA infections in 
relation to patient outcome adjusted for burn size and age is docu- 
mented. The severity index used for adjustment was based on multi- 
ple logistic regression analysis of mortality in patients admitted after 
1980. 


RESULTS 


Staphylococcus aureus was isolated from 658 patients; a 
total of 6602 strains were examined for in vitro antibiotic 
sensitivity. Methicillin-resistant SA strains were isolated 
from 319 of the colonized patients. A comparison of the antibi- 
otic sensitivities of the isolated MRSA and MSSA strains is 
presented in Table 1. The MRSA sensitivities clearly show 
why such strains are sometimes called multiply resistant SA. 
Increased resistance to older drugs such as the sulfonamides, 
streptomycin, erythromycin, and gentamicin is obvious. In 
contrast, vancomycin and amikacin sulfate were active 
against both oxacillin-resistant and oxacillin-sensitive 
strains. The distribution of zones of inhibition by vancomycin 
(380-ug disk) for the tested SA strains is presented in the 
Figure. Even with prolonged exclusive use of this agent for 
SA infections, no resistant strains or shifts in sensitivity 
distribution have been observed at this institute. 

One hundred seventy-eight of the 1100 patients had one or 
more SA infections during the hospitalization period. The 
demographic characteristics of the total population, the SA 
organisms colonized, and the respective patients are pre- 
sented in Table 2. As can be seen, the colonized patients 


Table 1.—Percentage of Methicillin-Resistant 
Staphylococcus aureus (MRSA) and Methicillin-Sensitive 
S aureus (MSSA) Isolates Resistant to Selected Antibiotics 


MRSA, % 

Antibiotic (n=2484) 
Oxacillin 100.0 0.0 
Gentamicin 50.9 8.0 
Streptomycin 49.4 8 


MSSA, % 
(n=4118) 


7. 
Erythromycin 2 8.2 
6.4 


3.2 
Tetracycline 6.7 


Sulfonamides 39.2 


8.9 
Penicillin 90.2 83.2 
Amikacin 0.5 0.5 
Vancomycin 0.0 0.0 
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differed little from the total population. Staphylococcus aur- 
ews—infected patients, however, had larger burns and, as 
indicated by their severity indexes, were a subset of patients 
with nearly twice the predicted injury-related mortality of 
the other groups. 

The SA-infected group was partitioned on the basis of the 
sensitivity of the infecting strains to PRP. Methicillin-sen- 
stive SA caused 157 infections in 120 patients, MRSA caused 
58 infections in 43 patients, and a group of 15 patients with 
infection by both sensitive and resistant strains experienced 
38 infections. The characteristics of the three groups are 
presented in Table 3. The MSSA and MRSA groups appear 
similar; the mixed group had slightly more severe injuries and 
longer hospital stays. The types and frequencies of mfection 


Vancomycin 


50.0 


% Frequency 





6 9° 12 Vee see at ee 27 


Zone Size, mm 
Distribution of zones of growth inhibition for 6602 Staphylococcus 
aureus strains using 30-pg vancomycin disks for the period July 1, 
1982, to July 1, 1988. R indicates resistant; |, intermediate; and S, 
sensitive. 


30 33 36 


Table 2.—Demographic Data for Total Admissions 
and Staphylococcus aureus—Colonized and 
S aureus—infected Patients 


Admissions Colonized infected 
Variable (n=1100) (n = 658) (n= 178) 


Mean age, y 30 31 38 
Total burn size, mean % 28 34 48 
3° burn size, mean % 14 18 29 


Sex, M/F 908/192 558/100 146/32 


Mean No. of d in hospital 39 50 58 


Mean severity index 0.1888 0.235 0.4406 


Table 3.—Demographic Data for Groups of Staphylococcus 
aureus-lnfected Patients* 


MSSA 
(n=120) 


MRSA  MSSA and MRSA 
(n=43) (n=15) 


39 3 
7 4 


Variable 
Mean age, y 


7 38 
Total burn size, mean % 4 6 52 
23 34 


3° Bum size, mean % 30 
Sex, M/F 


Mean No. of d in hospital 57 56 76 


96/24 35/8 15/0 


0.4397 0.4194 0.5089 


*MSSA indicates methicillin-sensitive S aureus; MRSA, methicillin-resistant 
S aureus. 


Mean severity index 
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Table 4.— Sites of Occurrence of Staphylococcus aureus \|nfections* 


MRSA Infections 


——————— EE eee 





No. of Patients No. of Patients No. of Patients 
Cases (n= 120) PBD Cases (n= 43) PBD Cases (n=15) PBD 
6° es ee a ae ee ee T AE 





MRSA/MSSA Infections 
















No. of No. of 













*MSSA indicates methicillin-sensitive S aureus; MRSA, methicillin-resistant S aureus; and PBD, mean postburn day of infection. 


Table 5.—Summary of Infection for Staphylococcus aureus 
(SA)-Infected Patients* 


No. (%) of Patients 
p 


MSSA MRSA MSSA and MRSA 
(n=120) (n=43) (m=15) 


54 (45.0) 18 (41.8) 2 (13.3) 
SA and gram-negative 51 (42.5) 19 (44.2) 10 (66.0) 
SA and fungi 37 (30.8) 18 (41.9) 9 (60.0) 


*MSSA indicates methicillin-sensitive S aureus; MRSA, methicillin-resistant 
S aureus. 


Table 6.—Outcome Analysis of Patients With 
Staphylococcus aureus |nfections* 


No. of Patients 
ce—<$<<a 
Observed Predicted P (Confidence 
n Mortality Mortality Limits) 


Total cohort 1 79 05 (68-89) 


SA alone 





7B 78 
MSSA-infected 120 59 53 05 (44-62) 
43 1 


MRSA-infected 


MSSA- and 
MRSA-infected 15 4 8 .05 (3-12) 


*MSSA indicates methicillin-sensitive S aureus; MRSA, methicillin-resistant 
S aureus. 


E 18 .05 (12-24) 





in the MSSA, MRSA, and mixed groups are presented in 
Table 4. As can be seen, frequencies of infection were similar 
between the greups; bacteremia was more common with 
MRSA. In the MRSA group, the postburn day of bacteremia 
was also later. These longer hospital stays may have offered 
more opportunity for colonization or for procedure-related 
introductions of organisms to the bloodstream in these pa- 
tients. The distributions within the three groups of patients 
with infections due only to SA or with infeetions attributed to 
SA and other organisms are shown in Table 5. Staphylococ- 
cus aureus infections without infection attributable to any 
other species oecurred in 74 (42%) of the 178 patients. Pa- 
tients with MSSA infections and patients with MRSA infec- 
tions had similar frequencies of other infections. Patients 
with both MRSA and MSSA infections, perhaps as a result of 
their longer hospitalizations and more severe injuries, had 
proportionately more infections with gram-negative and fun- 
gal pathogens. 

Patient outcome was also analyzed (Table 6). When the 
cohort of SA-infeeted patients was examined, the mean se- 
verity index was 0.4406. Multiplying this value by the 178 
patients in the eohort yielded a predicted number of 78 deaths; 
95% confidence limits for this value are shown. The MSSA, 
MESA, and mixed infection subgroups were similarly exam- 
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ined. In each subgroup and in the entire cohort, the observed 
morta.ity fell within the confidence limits calculated on the 
basis of burn size and age. 


COMMENT 


We have previously reviewed the lethality attributable to 
specific groups of organisms that cause bacteremia in burned 
patients and demonstrated that a significant increase in the 
risk of death, beyond that attributable to severity of injury, 
was associated with gram-negative bacteremia.’ In a 5800- 
patientsample, P aeruginosa and enteric gram-negative rods 
were associated with as much as a 50% increase in observed 
mortality. Using the same analytical system, the present 
study identifies no differences of consequence between infec- 
tions caused by MRSA and those caused by MSSA. These 
infecciens occurred in similar patients, were seen in conjunc- 
tion with other infections with the same frequencies, and, 
whea treated with vancomycin, had the same outcome. 

These results seriously question the need for unique con- 
cern about MRSA, above and beyond concern for staphylo- 
coccal infection in general, in burned or immunosuppressed 
patients. The frequency of MRSA in medical centers and the 
often necessary transfer of patients between institutions pro- 
viding either greater or lesser levels of clinical care make the 
likethood of preventing colonization with MRSA for any ap- 
preeiable period quite small.” The costs of temporarily closing 
care facilities or restricting patient movement among levels of 
care because of concern about MRSA must be weighed, both 
in terms of cost and impairment of patient care, against some 
rea istic assessment of the risks unique to MRSA. The uni- 
form effectiveness of vancomycin against these organisms 
anc the rarity of reactions to modern preparations of the 
antibiotic” argue strongly that staphylococcal infection is 
staphylococcal infection and that the title MRSA makes no 
diference. For a difference to be a difference, it has to make a 
diference. 
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Discussion 


TIMOTHY L. PRUETT, MD, Charlottesville, Va: You demonstrate 
that in a hospital setting that has a very high prevalence of MRSA, 
prompt recognition and treatment with appropriate antibiotics make 
MRSA no different from any other staphylococcus. However, the 
question we have to raise is whether we can indeed expand the 
information that you have given us to cover the general tertiary care 
hospital that most of us represent. You are in a bit of a unique 
situation in that you have a very large burn unit and you can easily 
focus on your particular arena, whereas the majority of us have 
patients in the intensive care unit, patients undergoing general sur- 
gery, and a smattering of others. How can we make a correlation 
between what you say and what we have? 

We currently put patients in reverse isolation and wound protec- 
tion settings. It costs a great deal, but our colleagues in epidemiology 
nonetheless assure us that it is important. The mortality and morbid- 
ity is not different between patients with MRSA and MSSA strains 
when they are treated appropriately with vancomycin. However, if 
patients are inappropriately treated, the literature is replete with 
examples of the fatal consequences. 

Does MRSA colonize staphylococcus more frequently than its 
MSSA counterpart? 

A recent report from the Parkland Memorial Hospital's Burn Unit 
(Dallas, Tex) gave the suggestion that MRSA was a more colonizing 
kind of staphylococcus than MSSA. In a reply in the Journal of 
Infectious Diseases in 1983, Boyce noted that when MRSA was 
introduced into a hospital, an increased number of staphylococcal 
infections followed. 

Ifindeed we accept MRSA as a normal nosocomial pathogen and do 
not try to eradicate it from our hospitals, are we going to increase the 
propensity for staphylococcal infections and have you noticed this 
phenomenon? 

You noted that for there to be a difference in staphylococcal infec- 
tion, there must be a difference in form. You did show one difference 
between the two kinds of staphylococci, which was in the incidence of 
bacteremia. 

At my institution, there is someone who believes very strongly in 
protracted therapy of staphylococcal infections and that they are 
different from other kinds of infections. Indeed, there is a large group 
of authors in the infectious disease literature who feel that staphylo- 
coccal bacteremia should be treated with 4 to 6 weeks of appropriate 
antimicrobial therapy. 

If we increase our staphylococcal infection, there will also be longer 
treatment and increased morbidity and hospital-associated costs. 

Civilian hospitals have a larger pediatric and elderly population. Is 
MRSA of more importance in these groups? There are reported 
smatterings in the literature from pediatric and geriatric centers that 
try to say the problem exists, but at the same time they say that there 
is no purported difference in the strains. 

More importantly for those of us who also deal with problems other 
than burns, what about the incidence of prosthetic infections? We 
have a fairly active trauma center and use a large number of prosthet- 
ic devices, particularly orthopedic. Is vancomycin as effective as the 
typical cephalosporins for the prevention of prosthetic-device 
infections? 

I do not think anybody really knows the answers to all these 
questions, but the point is that there are a lot of gray areas. The fact 
that we do not understand them potentially means that we should not 
totally do away with all the ancillary measures of containment of 
bacteria such as MRSA. 

Do you have morbidity with vancomycin? Two studies using pro- 
phylactic vancomycin were stopped because of adverse hemodynamic 
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effects. Can you assess the question of cost—vancomycin currently 
being expensive—as well as the length of therapy for stapkylococeal 
infection? In your patients, do you have a notion as to whether 
vancomycin is an effective prophylactic agent for MRSA? 

DAVID N. HERNDON, MD, Galveston, Tex: You have shown that 
MRSA is not more virulent than staphylococcus alone. There is a 
difference, of course. Vancomycin is more expensive. It has potential 
autotoxicity and nephrotoxicity. I would be interested in your data on 
that subject. 

I think, perhaps, the more germane issue is;whether staphylococ- 
cus makes a difference. The incidence of staphylococeal infection in 
your patient population is high; it is high in most burn patients. 

Should we create a cohort for burn patients with MRSA infections? 
You have alluded to the fact that in 1982 you changed the method of 
isolation of your patients, and as it had no effect on staphylococcal 
infection, you suggest that the cohort is ineffective. I think that is an 
inappropriate inference for which data are lacking. I would like your 
comment on that. It does make a difference. 

EDWIN A. DEITCH, MD, Shreveport, La: You had a high imcidence 
of bacteremia. Where did the bacteria come from? You had a very 
high incidence of pneumonia. Were these patients intubated? Was 
pneumonia a secondary infection due to contamination of the lower 
airways of these intubated patients or was it primary pneumonia? 

DR A. MCMANUS: To start with Dr Pruett’s commentsand perhaps 
one of the other comments about isolation, I did not want to give the 
impression that we do not practice infection control. What I tried to 
show you is that the infection control practices that we have imple- 
mented are controlling gram-negative infections that we previously 
could not control and our survival has increased. 

Many of the staphylococcal infections that I have shown you are 
occurring in patients who, perhaps, would not have been in the 
hospital several years ago, because they would have died of gram- 
negative infections. As far as colonization of these strains, I think this 
is the universally accepted identification of MRSA. These strains are 
classic colonizers, which is why they tend to be found in hospitals, 
unlike penicillin- or B-lactamase-resistant staphylococci, which tend 
to be more community based. There is no question that one of their 
attributes is an increased colonization frequency. 

As far as infections go, I do not know if MSRA strains cause more 
infections or more serious intections than sensitive strains. As I 
mentioned, most often people treat these as if they are a distinct 
pathogen. They do not give you the overall infection rate for SA, and 
you have to have that to predict or to infer whether they are more 
infective. 

As far as prophylaxis and prosthesis complications, the standard 
regimens for perioperative coverage in our unit are vancomycin and 
amikaein sulfate. The incidence of thrombophlebitis and endocarditis 
is very low and is at the lowest level we have recorded over the past 35 
years. 

As far as complications go, I know of no serious complication or 
death as a result. Histamine responses like “red man” syndrome have 
occurred, but they are controllable. I do not think there has been any 
outstanding difficulty with the toxicity of vancomycin. We ao monitor 
levels routinely, and I think it is a general impression of our clinicians 
that this drug is no more toxic than any other drug with which they 
work. 

As far as a cohort of burn patients with MRSA infections, hospitals 
that have patients with MRSA infections frequently close down a 
section for 2 or 3 weeks and then a month later they are back in the 
same position. I think it is important to know whether it really makes 
a difference in outcome to base the risk vs the cost of creating a 
cohort. 

I throw this out from a burn standpoint, but I think that it should be 
investigated in every situation: can you document a truly adverse ora 
specifically adverse complication or outcome difference with MRSA? 
If you can, then you should go through the extra precautions above 
what is necessary to prevent cross-contamination with gram-nega- 
tive organisms. If you cannot, then you should not. 
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Clinical Note 


Cirsoid Aneurysms of the Jejunum 


An Unrecognized Cause of Massive Gastrointestinal Bleeding 


John T. Vetto, MD; Peter S. Richman, MD; Kirby Kariger; Edward Passaro, Jr, MD 


è Cirsoid aneurysms (exulceratio simplex Dieulafoy) as a 
cause of massive gastrointestinal hemorrhage have been known 
to occur in the stomach. Endoscopy plays an important role in 
the diagnosis of and therapy for these lesions. We report two 
cases of a cirsoid aneurysm in the proximal jejunum; two cases 
have been previously reported in the literature. These lesions 
have the same pathologic features as gastric cirsoid lesions and 
cause massive gastrointestinal hemorrhage. Because these le- 
sions are beyond the reach of current endoscopy, surgery was 
necessary to diagnose and treat the lesions in three of four 
patients. The fourth patient died after unsuccessful surgical ex- 
ploration, and the lesion was found post mortem. Jejunal cirsoid 
aneurysms may be an unrecognized rather than a rare cause of 
gastrointestinal bleeding. They should be considered in the pa- 
tient with massive proximal gastrointestinal bleeding in whom 
the source is not known, especially if angiography suggests a 
small-bowel site. With the advent of newer forms of endoscopy 
that can examine the small bowel, the management of these 
lesions may change; at present, surgery is lifesaving. 

(Arch Surg. 1989;124:1460-1462) 


ower gastrointestinal tract bleeding from an unknown 

source can be nearly as distressing to the surgeon as it is 
to the patient. Even with current highly sensitive diagnostic 
modalities, some patients with life-threatening bleeding may 
undergo a laparctomy without a known source of bleeding. 
Angiography can usually distinguish between large- and 
small-bowel sources, so that blind resection of the colon is 
rarely indicated. When the large bowel has been ruled out as 
the site (by angiography or colonoscopy), the surgeon is left 
with the arduous task of searching for a small-bowel lesion. 
Many surgeons, due to the scarcity of these lesions and the 
difficulty in finding them intraoperatively, feel that such 
searches are fruitless. 

During the past 20 years, we have encountered two cases of 
gastrointestinal bleeding secondary to a cirsoid aneurysm of 
the jejunum. A search of the literature has yielded reports of 
two additional cases. In all four cases, bleeding was massive, 
but resection (when possible) resulted in prompt cessation of 
bleeding and survival of the patient. We believe that these 
lesions may be much more common than realized, and these 
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lesions should be searched for in patients with bleeding distal 
to the ligament of Treitz in whom the source cannot be found. 


REPORT OF CASES 


CASE 1.—A 58-year-old black male intravenous drug abuser with a 
history of hypertension, hypertrophic cardiomyopathy, congestive 
heart failure, endocarditis, tuberculosis, pericarditis, and non-A, 
non-B hepatitis presented in March 1988, with a 1-day history of 
bright red blood per rectum and crampy abdominal pain. At presen- 
tation, the patient was in hypovolemic shock. He had mild midabdo- 
minal tenderness without peritoneal signs, and bright red blood on 
rectal examination. A gastric aspirate was free of blood. His hemato- 
crit was 0.25, and the prothrombin time, partial thromboplastin time, 
and platelet count were normal. 

The patient was resuscitated with fluids, and blood transfusions 
were started. Results of an esophagogastroduodenoscopy were nor- 
mal, and colonoscopy showed only bright red clots without an obvious 
site of bleeding. Subsequently, he had massive hematochezia, and 
despite a transfusion of 11 U of packed red blood cells, his hematocrit 
fell to 0.14. Emergency angiography suggested midjejunal extrava- 
sation of dye from a branch of the superior mesenteric artery (Fig 1). 
A catheter was left in place near the suspected bleeding vessel, and 
the patient was taken to the operating room for emergency 
exploration. 

At operation, the catheter could be palpated in the distal jejunal 
mesentery. The bowel was opened at this point, but no lesion was 
identified. The flexible colonoscope was introduced through this en- 
terotemy, and the small bowel distal to this point was inspected for 
several feet: again, no lesion was seen. However, careful palpation of 
the bowel proximal to the enterotomy revealed a palpable, firm, pea- 
size mass approximately 20 cm from the ligament of Treitz (ie, fairly 
proximal to the enterotomy). The bowel was opened over it, and a 
(.5-em-diameter bleeding mucosal lesion on the mesenteric border of 
the bowel (Fig 2) was seen. A resection was performed. A histologic 
examination of the mass showed that it contained a large vessel with 
muscular coats, most consistent with a tortuous artery. The vessel 
lay im the submucosa, opened at the apex of the lesion, and was filled 
with a thrombus at the mucosal opening site (Fig 3). This lesion was 
thought to be most consistent with a cirsoid aneurysm. 

Postoperatively, the patient had no further evidence of bleeding 
and was discharged from the hospital 10 days later. Six months later, 
follow-up showed no further bleeding. 

CASE 2.—A 72-year-old black man with severe aortic insufficiency 
was admitted on multiple occasions in 1969 for continued melena. 
Multiple upper gastrointestinal tract series, barium enemas, and 
visceral angiography had failed to reveal the source. An exploratory 
laparotomy, vagotomy, and pyloroplasty for a suspected duodenal 
ulcer did not reveal a lesion. 
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Fig 1.—Mesenteric angiogram in case 1 shows bleeding point in small 
bowel (arrowhead). 





Fig 2.—Opened segment of proximal jejunum in case 1 shows bleed- 
ing lesion on mesenteric side of bowel (arrowhead). 


By the time of his September 1969 readmission, the patient had 
received 80 U of blood, and he continued to have painless melena. A 
repeated exploratory laparotomy on that occasion showed large sub- 
mucosal vessels at a point 45 em distal to the ligament of Treitz. A 
jejunotomy was made, but no obvious lesions were noted (or could be 
palpated extraluminally). 

A Miller-Abbott tube was passed into the pylorus via a gastrotomy, 
and the balloon was inflated to prevent a distal flow of gastric con- 
tents. Through a second tube, the stomach was able to be irrigated 
clear through—thus, no gastric bleeding was evident. By passing an 
Anderson tube through a duodenotomy into serially distal segments 
of bowel and irrigating each segment, the site of bleeding was traced 
to a segment that extended from the ligament of Treitz to 45 cm 
distally (where the jejunotomy had been made). This area of bowel 
was resected, and an end-to-end duodenojejunostomy was con- 
structed. All enterotomies were closed. 

Postoperatively, the patient had cessation of his bleeding, and was 
discharged from the hospital. A pathologic examination of the re- 
sected segment of the proximal jejunum revealed a cirsoid aneurysm 
with a histologic appearance identical to that shown in Fig 3. 
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Fig 3.— Photomicrograph of lesion in case 1. Large, abnorma! submu- 
cosal vessel with central thrombus is clearly seen (hematoxylin-eosin, 
x 100). 


COMMENT 


In 1884, to our knowledge, Gallard’ was the first to describe 
massive gastrointestinal bleeding secondary to a dilated sub- 
mucosal vessel in the stomach. After Dieulafoy’ reported 
three cases of gastric hemorrhage occurring in young men 
with this same lesion, the disease became known as “exulcera- 
tio simplex Dieulafoy” in Europe.’ In the United States, such 
a lesion has been called by many terms, including “gastric 
aneurysm,” “submucosal arterial malformation,” “miliary 
aneurysm,” “gastric artery arteriosclerosis,” “sclerotic sub- 
mucosal arterial malformation,” “serpiginous aneurysm,” 
and “microaneurysm.” The term “cirsoid aneurysm” was 
first coined by Mallory* in 1946 to describe the enlarged 
tortuous vessel contained in the lesion.’ Finkel and Schwartz’ 
have suggested that the term cirsoid aneurysm is the most 
appropriate designation for this lesion. 

Before the advent of endoscopy, gastric cirsoid aneurysms 
were considered to be rare lesions: by 1983, only 40 cases had 
been reported,’ with a mortality as high as 79% in some 
series.** With the advent of rigid” and later flexible” endosco- 
py, it was later realized that these lesions could be diagnosed 
and even treated with endoscopy. This has led to the apprecia- 
tion that gastric cirsoid aneurysms are more common than 
had been thought; subsequent series in the flexible endescopy 
era have reported high numbers of cases with a low mortality. 
By 1988, Pointner et al” had reported on 22 cases of gastric 
cirsoid aneurysm diagnosed at endoscopy within a 9-year 
period at a single institution. Eighteen of these patients were 
successfully treated with bipolar electrocoagulation or polido- 
canol injection, leading the authors to conclude that endescop- 
ic treatment, not surgery, is the treatment of choice for these 
lesions. Mortensen et al* have stated that angiography should 
be reserved for the diagnosis of suspected lesions that are not 
seen with endoscopy. 

We report on a more insidious and still potentially lethal 
lesion: cirsoid aneurysm of the jejunum. In patient 2, treated 
in 1969, multiple contrast studies and a previous gastric oper- 
ation had failed to reveal the source of bleeding. The lesion 
was finally found only incidentally in a blindly resected seg- 
ment of jejunum that was removed during a laparotomy for 
continued bleeding (by which time the patient had received 80 
U of blood). In patient 1, the lesion could not be found preoper- 
atively despite application of several sophisticated imaging 
techniques that have appeared in the 18-year period between 
these two cases. Only careful intraoperative palpation of the 
bowel led to identification of the lesion. In our patient 2, 
visceral angiography was of no help; in patient 1, it served 
only to direct the search to the small bowel. 

A review of the literature revealed two additional cases of 
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Patient/Age, y/ 
Source, y Race/Sex Symptoms Signs 
Levine and 1/18/B'F Abdominal Shock 
Valk, pain, hematochezia 


1944 


Rathmell 
et al,'+ 1951 


Present 
series, 1969 










Hematochezia 








3/72/B/Mt Melena Anemia 









Abdominal Shock 


pain, hematochezia 


Present 
series, 1988 


4/58/B/Mt 





Clinical Characteristics of Patients With Jejuna Cirsoid Aneurysms* 


Normal Abnormal 
Test Results Test Results Surgery Outcome 
UGI iae Exploratory laparotomy, NS 











UGI, BE, 
angiogram 


Colonoscopy, 
EGD 











resection of lesion 













Exploratory laparotomy, 
no lesion found 


Exploratory laparotomy, 
blind resection of jejunum 













Survived 










Exploratory laparotomy, Survived 


resection of lesion 


Angiogram 








*UGI indicates upper gēstrointestinal tract series; NS, not specified: BE, barium enema; and EGD, esophagogastroduodenoscopy. 
tCase 2 in present study. 
Case 1 in present study. 


jejunal cirsoid aneurysm. In 1944, Levine and Valk” de- 
scribed an 18-year-old black woman who underwent an ex- 
ploratory laparotomy for massive upper gastrointestinal 
tract bleeding; at operation, a lesion was palpated 20 to 30 cm 
from the ligament of Treitz. A resection of the lesion resulted 
in cessation of the bleeding.” Several features of this case, 
especially the gross description of the lesion, the method of 
detection, and the surgical outcome, are similar to our patient 
1. Additionally, Rathmell and his colleagues“ described a 
jejunal cirsoid aneurysm found at autopsy in a 29-year-old 
white woman who died after an unsuccessful laparotomy for 
massive intestinal hemorrhage The clinical features of all 
four patients are summarized inthe Table. 

In all four patients, the grossand pathologic description of 
the lesion was similar; each lesion was an indurated, round, 
mucosal lesion on the mesenteric border of the proximal 
jejunum within 60 cm of the ligament of Treitz. Gross photo- 
graphs of the lesions in the two previously reported cases 
correspond well to the appearance of the lesion shown in 
Fig 2. Similarly, histologic appearances of the lesions in the 
previously reported cases correspond closely to Fig 3; in all 
cases, the lesion consisted of a large, dilated, submucosal 
vessel with elastic fibers and disorganized muscular coats. 
Intimal hyperplasia was often present, as was a central 
thrombus at the site of protrusion through a small mucosal 
ulceration. In all Zour patients, the pathologist ultimately 
concluded that the abnormal vessel was mest likely an ar- 
tery.‘ Because of the similarity between the lesion shown in 
Fig 3 and published descript.ons of gastric cirsoid aneu- 
rysms,****” we conclude that Grsoid aneurysms of the jeju- 
num and stomach are the same nistologic lesion. 

The cause of intestinal cirsoid aneurysms is unknown. 


There isno age, sex, or race consistency to the patients in the 
Table. Many authors believe that these lesions are congenital 
in origir*"”**; evidence for this includes the histologic abnor- 
mality Cc the vessel (suggesting a malformation)’ and the fact 
that these lesions show no evidence of acquired changes, such 
as atherosclerosis or vasculitis.” 

If these lesions are congenital, it is not clear why they 
remain dormant until later in life (our patients were aged 58 
and 72 years). Some authors have explained this delayed 
bleedinz on the phenomenon of “caliber persistence,” in which 
the caliber of the abnormal vessel does not reduce normally as 
it progresses toward the mucosa. Symptoms would be absent 
until ths large-caliber vessel is traumatized or erodes, leading 
to episodes of brisk intestinal bleeding. Episodes may be 
intermittent if an occluding thrombus causes the bleeding to 
cease (Fig 3),"°" 

It is mteresting that both of our patients had valvular heart 
disease; a recent report has postulated that increased visceral 
artery blood flow secondary to some forms of heart disease 
may predispose such patients to bleed from cirsoid lesions (if 
presen). 

Regardless of the cause of these lesions, we conclude that 
witheut surgical intervention, the patients in the present 
report would have died of their bleeding. We agree with 
Mortensen et al’ that these lesions “may be unrecognized 
rather than rare.” Cirsoid aneurysms of the jejunum may be 
seen imcreasingly in the future as a cause of troublesome 
gastromtestinal bleeding, especially as methods of endoscop- 
ing the small bowel beyond the ligament of Treitz (as re- 
viewec by Lewis and Waye”) become available. As has been 
the case for gastric lesions, such improved endoscopic tech- 
niquesmay lead to a change in therapy and prognosis. 
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Correspondence and Brief Communications 


Agenesis of the Gallbladder 


To the Editor-—We read with great 
interest the report by Bennion et al in 
the October 1988 ARcHivEs.' How- 
ever, we feel that a fourth category of 
agenesis of the gallbladder exists; 
namely, those cases where absence of 
the gallbladder is associated with 
symptomatic or asymptomatic con- 
genital anomalies af the same devel- 
opmental system. This is illustrated 
by the occurrence of several cases of 
congenital absence of the gallbladder 
in which these pancreatic anomalies 
were found: congenital agenesis of the 
pancreas? and annular pancreas.*# 

The relevance of this fourth cate- 
gory exists in the “embryological traf- 
fic jam” at the duodenal region when 
the liver, biliary system, and pancreas 
develop. Special attention to the as- 
sociation of congenital malformations 
in this region can previde better un- 
derstanding of their embryogenesis. 

In view of the references mentioned 
above that are not cited by Bennion et 
al, we suggest that more than 381 
cases of agenesis of the gallbladder 
have been reported. 

H. A. Hew, MD 
Amsterdam, the Netherlands 

1. Bennion RS, Thompson JE Jr, Tompkins 
RK. Agenesis of the gallbladder without extra- 
hepatic biliary atresia. Arch Surg. 1988;123:1257- 
1260. 

2. Mehes K, Vamos K, Goda M. Agenesis of 
pancreas and gallbladder in an infant of incest. 
Acta Paediatr Acad Scient Hung. 1976;17:175- 
176. 

3. Luccioli GM. Su di un caso di pancreas 
anulare ed assenza dela colecisti. Gazz Intern 
Med Chirurg. 1965;70:1265-1270. 

4. Heij HA, Niessen GJCM. Annular pancreas 


associated with congenital absence of the gall- 
bladder. J Pediatr Surg. 1987;22:1033. 


Use of Sequential B-Mode 
Ultrasonography to Manage 
Abdominal Aortic Aneurysms 


To the Editor.—I read with great inter- 
est the article by Littooy et al,’ which 
appeared in the April 1989 issue of the 
ARCHIVES, on the use of sequential 
B-mode ultrasonography to manage ab- 
dominal aortic aneurysms (AAAs). A 
majority of vascular surgeons would 
agree that selective management of 
AAAs in high-risk patients is appropri- 
ate. B-mode ultrasonography has cer- 
tainly proved to be a very aceurate way 
of initial assessment and sequential fol- 
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lew-up of infrarenal AAAs. Their con- 
clusions, however, I feel are incom- 
plete. A combination mortality rate of 
ruptured AAAs during follow-up and 
perioperative mortality for those oper- 
ated on is interpreted as 7.4%. This in- 
cludes 11 patients of the total group of 
149 patients. I would like to point out 
that 86 of these patients have not re- 
ceived definitive treatment. If we pro- 
ject their results for those &6 patients, 
then their combined mortality rate is 
17.5%. This is not an acceptable mortal- 
ity rate for the management of AAAs. 
Again, selective management of high- 
risk patients with small AAAs is a time- 
proved approach. I fear that a misinter- 
pretation of this article would be a step 
backward in the management ef this po- 
tentially lethal lesion. 


RON C. JOHNSON, MD 

Birmingham, Ala 
1. Littooy FN, Steffan G, Greisier HP, White 
TL,Baker WH. Use of sequential B-mode ultrason- 


ography to manage abdominal aortic aneurysms. 
Arch Surg. 1989;124:419-421. 


In. Reply. —Dr Johnson's comments and 
reeommendations are not entirely clear 
to us. Is he advocating operating on any 
AAA regardless of size in the low-risk 
patient? Our data and those of Bern- 
stein and Chan’ strongly support the 
safety of following up small AAAs to at 
least 5 cm and perhaps even 6 cm in 
diameter in the high-risk patient before 
recommending operation. Only one 
AAA less than 5.0 cm in diameter rup- 
tured in each series. Of the seven pa- 
tients who had ruptured AAAs in our 
series, four either refused repair or 
were deemed too high risk and never 
underwent operation. Of the three pa- 
tients with AAAs that ruptured, two 
were not operative candidates and were 
operated on only because the AAA rup- 
tured while in the hospital. You may 
correctly argue that our operative mor- 
tality in elective aneurysm repair of 
6.7% is a little high, but three of the four 
deaths were due to perioperative myo- 
cardial infarctions, two of which were in 
patients whose operations were done 
urgently for symptomatic but unrup- 
tured aneurysms. 

Obviously, we have included all pa- 
tients in this analysis. If we had not in- 
cluded those who refused surgery or 
were truly not operative candidates, 


the outcome would be much better. Ad- 
ditionally, it is not necessarily proper to 
project the same outcome on the 86 pa- 
tients who were not operated on. Only 
53 of these patients are still alive, but 
they have been followed up safely for an 
average of 44.8 months. This study, 
which started as a retrospective study, 
has increased our awareness of the ne- 
cessity for close follow-up of patients 
who do not undergo operations in this 
veteran population, and the need for a 
more aggressive perioperative assess- 
ment and treatment of concomitant 
myocardial disease. We feel that this 
should decrease the overall mortality in 
this group of patients. We still contend 
that selective management is safe and 
appropriate in both the low-risk and 
high-risk patient. 


FRED N. Lirrooy, MD 
HOWARD P. GREISLER, MD 
WILLIAM H. BAKER, MD 
Maywood, Ill 


1. Bernstein EF, Chan EL. Abdominal aortic 
aneurysm in high-risk patients: outcome of selec- 
tive management based on size and expansion rate. 
Ann Surg. 1984:200:255-263. 


Are Estimating Energy Expenditures 
in Hospitalized Patients 
Appropriate? 


To the Editor.—In the article by Cortes 
and Nelson’ that appeared in the March 
1989 issue of the ARCHIVES, the authors 
presented data to suggest that they 
have detected errors in the estimation 
of energy expenditures in patients in a 
surgical intensive care unit. While this 
may be true, there are some concerns 
that need to be addressed in their 
protocol. 

First, they evaluated 29 patients at- 
tached to mechanical ventilatory sup- 
port while receiving central parenteral 
nutrition. The effect of the ventilator on 
energy expenditure is not discussed. 
The effect of central parenteral nutri- 
tion on the measured expenditure in the 
surgical patient not attached to a venti- 
lator is also not discussed. They should 
not use this limited heterogeneous pa- 
tient population to criticize other data 
that have been presented to show in- 
creases in specific groups of patients.” 

The second concern is the definition of 
the stress factor. If the basis for the 
definition was “clinical impressions,” 
one cannot derive a number and then 
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treat that number as quantitative for 
their comparisons. The stress or injury 
factor in my study was derived from 
patients who fasted overnight, and 
whose resting metabolic expenditure 
was measured in the morning and then 
compared with the Harris-Benedict for- 
mula as the reference value. This is 
more quantitative than a clinical im- 
pression. 

A third concern is that the study was 
conducted in patients receiving central 
parenteral nutrition. The variation in 
nitrogen balance and respiratory quo- 
tient values points to a very large range 
of nutrition input and extreme ranges of 
respiratory quotient values (0.79 to 
1.29). The authors should realize that 
the provision of glucose energy in ex- 
cess of energy needs has become synon- 
ymous with a respiratory quotient 
greater than 1.0, which is associated 
with lipogenesis and an increase in oxy- 
gen consumption.” The increase could be 
misconstrued as metabolic rate. 

A fourth concern is the low levels of 
urea nitrogen excreted by the patients 
as reported in Table 2. There must have 
been larger urine losses during the col- 
lection for a stressed patient to excrete 
less than 400 to 500 mmol/d. There are 
18 patients in Table 2 with values less 
than 400 te 500 mmol/d. These values 
are unphysiological for stressed pa- 
tients (and all were stressed by their 
stated stress factor in Table 2), especial- 
ly if all patients were receiving amino 
acids and energy from central parenter- 
al nutrition. 

In summary, the data presented do 
not allow for the conclusions drawn by 
these investigators. The original formu- 
la I derived and published’ was pre- 


Books 


General Thoracic Surgery, ed 3, edited by Thomas 
W. Shields, 1250 pp with 926 illus, $150, Philadel- 
phia, Pa, Lea & Febiger, 1989. 


The third edition of General Thoracic 
Surgery has been enlarged, in an attrac- 
tive format, to 19 sections with 100 
chapters. Most of the work is presented 
under new or expanded authorship. Up- 
dated discussions on preoperative diag- 
nostics include coverage of computed 
axial tomography, magnetic resonance 
imaging, flexible endoscopy, and phys- 
iologic assessment of esophageal dis- 
ease. Chapters on pulmonary neo- 
plasms, infeetions, bullous diseases, 
congenital lesions, pulmonary resec- 
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sented as a guide for estimated energy 
needs, and the stress factors were calcu- 
lated from groups of patients with the 
same clinical diagnosis whose gas ex- 
change data and nitrogen losses were 
not compromised by intake. In addition, 
trauma, surgery, or burns were usually 
measured between the third and fifth 
day following their insult. The use of 
this equation requires the decision, by 
the physician, to modify the factors as 
the patient convalesces, as described in 
my original publication.* 

Meeting patient needs requires the 
best estimated parameter that corre- 
lates with the patient, and in spite ofthe 
variations in the Harris-Benedict equa- 
tion, most clinicians will accept this cal- 
culated value within the limits of error 
imposed. The stress or injury factors 
recommended by me are guidelines for 
nutrition support. This realization, with 
a knowledge of a patient’s weight 
changes corrected for fluid balance and 
nitrogen balance, as well as important 
clinical impression from, for instance, 
body temperature and vital signs, 
should provide for adequate nutrition 
without overestimating needs in stress 
and disease. 


CALVIN L. LONG, PHD 
Birmingham, Ala 


1. Cortes V, Nelson LD. Errors in estimating 
energy expenditure in critically ill surgical pa- 
tients. Arch Surg. 1989;124:287-290. 

2. Long CL, Schaffel N, Geiger JW, Schiller 
WR, Blakemore WS. Metabolic response to injury 
and illness: estimation of energy and protein needs 
from indirect calorimetry and nitrogen balance. 
JPEN. 1979;3:452-456. 

3. Merrick HW, Long CL, Grecos GM, Dennis 
RS, Blakemore WS. Energy requirements for can- 
cer patients and the effect of total parenteral nutri- 
tion. JPEN. 1988;12:8-14. 


tions, and tracheal surgery are all well 
presented. The review of lung trans- 
plantation highlights the recent very 
positive accomplishments in this impor- 
tant area of thoracic surgery. 

The trauma section is brief although 
adequately referenced, with an added 
chapter on the adult respiratory dis- 
tress syndrome. The section on esopha- 
geal surgery now includes discussions 
on the cervical esophagus and better 
illustrations of esophagogastrectomy 
and replacement options. There are 
good overviews on adjuvant therapy, 
including radiation, chemotherapy, and 
immunotherapy; inclusion of the topic of 
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In Reply.—I thank Dr Long for his com- 
ments regarding our article. He has 
pointed out a problem common to most 
clinical investigations: heterogeneous 
patient populations. The patients en- 
tered in the study represent a sample of 
the sickest patients in the surgical in- 
tensive care unit. The severity of illness 
and presence or absence of sepsis and 
organ system failure account for the 
wide variability in the metabolic re- 
quirements and urinary urea nitrogen 
excretion values. The variability of the 
patients represents the reality of surgi- 
cal intensive care. Patients were treat- 
ed to similar cardiac, pulmonary, and 
nutritional end points. 

The purpose of this articie was not to 
“criticize” data gathered by others on 
specific patient populations or to de- 
mean the importance of stress or injury 
factors applied almost universally in the 
nutritional assessment of critically ill 
patients. The purpose was to point out 
that the clinical impression of severity 
of illness in an intensive care unit pa- 
tient population may differ from the “ac- 
tual” stress level of the patients (mea- 
sured energy expenditure/basal energy 
expenditure). 

The conclusion that errors are made 
in the clinical estimation of the actual 
level of stress is supported by the data. 
This does not imply that the stress fac- 
tor should not be used but ratherthat its 
estimate is difficult in critically ill 
patients. 

Indirect calorimetry may be selec- 
tively applied to minimize errors caused 
by clinical impressions. 


LOREN D. NELSON, MD 
Nashville, Tenn 


small-cell cancer in this section seems 
most appropriate. 

This book is comprehensive in scope, 
and some of the discussions are meces- 
sarily somewhat abbreviated. Improve- 
ment would likely require a two-velume 
text since the present edition is a large 
book with 1250 pages. Nonetheless, the 
third edition of General Thoracic Sur- 
gery will undoubtedly continue to be, 
like the first and second editions, one of 
the favorite reference texts of students 
and practitioners of general thoracic 
surgery. 

J. NiLAS YOUNG, MD 
Oakland, Calif 
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Resources at Your Fingertips 


Today, the challenge for physicians and health care institutions to maintain and 
improve the quality of care is greater than ever. The changing environment of 
medicine increasingly demands innovative responses from the profession. And, 
increasingly, physicians and institutions are responding. 
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Carcinoembryonic Antigen 

Intra-abdominal recurrence of colorectal cancer detected by 
> alia surgery (RIGS systen) [Sardi] 55 

a 

Prolongation of survival of nude mice bearing human colon 
cancer: treatment with yttrium 90-labelec anti- carcin- 
oembryonic antigen antibody [Hyams] 175 (Fe) 

Results of surgical excision of one to 13 hepat c metastases 
in 98 consecutive patients [Minton] 46 (Jæ 

Scar or recurrent rectal cancer: positron emis: ion tomogra- 

hy more helpful for diagnosis than immanescintigraphy 
Schlag) 197 (Fe) 

Carcinogenicity Tests 

Flip side of tumor immunity [Prehn] 102 (Ja) 

Carcinogens 

Detection of caneer-prone colon, using transepithelial im- 
pedance analysis [Davies] 480 (Ap) 

Carcinoid Tumor 

Foregut carcinoid tumor causing Zollinger2llison syn- 
drome [Werbel] 381 (Mr) 

Carcinoma, Basal Cell 

Photodynamic mre For cutaneous and subcutaneous ma- 
lignant neoplasms [MeCaughan] 211 (Fe) 

Carcinoma, Ductal 

Breast carcinoma in situ [Kinne] 38 (Ja) 

Nonpalpable in situductal carcinoma of breast: sredictors of 
multicentricity and microinvasion and imprcations for 
treatment [Schwartz] 29 (Ja) 

Carcinoma, Epidermoid see Carcinoma, Squamous Cell 

Carcinoma In Situ 

Breast carcinoma in situ [Kinne] 33 (Ja) 

Nonpalpable in situ ductal carcinoma of breast: predictors of 
reseed A and microinvasion and impEcations for 
treatment [Schwartz] 29 (Ja) 

Carcinoma, Papil 

Nonpalpable in situ ductal carcinoma of breast: predictors of 
any acting a and microinvasion and implhcations for 
treatment [Schwartz] 29 (Ja) 

Carcinoma, Scirrhous 

air adenocarcinoma: disease in transition Cady] 303 
(Mr 

Carcinoma, Squamous Cell 

Endoscopic ablation of esophageal malignancies with neo- 
dymium-YAG laser and eleetrofulguration Nava] 225 
(Fe) 

Photodynamic therapy for cutaneous and subeutaneous ma- 
lignant neoplasms _McCaughan] 211 (Fe) 

ii cr therapy for esophageal tumors { MeCaughan] 

(Ja) 

Squamous cell carcinoma arising in previously burned or 
irradiated skin [Edwards] 115 (Ja) 

Cardiac Arrest see Heart Arrest 

Cardiac Stimulants see Cardiotonic Agents 

Cardiomyopathies see Myocardial Diseases 

Cardiopulmonary Arrest see Heart Arrest 

Cardiopulmonary Bypass 

Effective hepatic blood flow during cardiopulmonary bypass 
[Hampton] 458 (A 

Cardiopulmonary Resuscitation see Resuscitation 

Cardiospasms see Esophageal Achalasia 

Cardiotonic Agents 

Early detection of sheck in critically ill patients ky skeletal 
muscle PO, assessment (Beerthuyzen} 853 (Jy) 

Cardioversion see Electric Countershock 

Carotenoids 

Antioxidants vs carotenoids: inhibitors or promo-ers of ex- 
perimental colorectal cancers [Colacchio] 217 (Fe) 

Carotid Arteries 

Analysis of risk factors for myocardial infarction following 
carotid endarterectomy [Yeager] 1142 (Oc) 

Biochemical adaptation of venous patches placed n carotid 
circulation [Govostis] 490 (Ap) 

Recurrent stenosis by duplex scan following carotid endar- 
terectomy [Bertin] 866 (Jy) 

Carotid Artery, Internal 

Relationship of abdominal aortic aneurysm to tomtuous in- 
ternal carotid artery: is there one? [Mukherjee] 355 (Au) 

Carpal Tunnel Syndrome 

Vitamin Ba levels in patients with carpal tunnel syndrome 


[Fuhr] 1329 (No) 
Carrel, Alexis 
Alexis Carrel: century later [Edwards] 1014 (Se) 
Catabolite Gene Activator Proteins 


Determinants of urea nitrogen production in sepsi-=: muscle 
catabolism, total parenteral nutrition, and hepacic clear- 
ance of amino acids [Pittiruti] 362 (Mr) 

Pathogenesis of candidiasis: immunosuppression by cell wall 
mannan eatabolites [Podzorski] 1290; (editorial comment) 
[Pruitt] 1294 (No) 

Catgut see Sutures 

Catheterization 

Catheter aspiration for simple pneumothorax: exderience 
with 114 patients [Delius ; (editorial comment) [Ra- 
binowitz] 836 (Jy) 

Massive upper-extremity edema following forearm fistula: 
cause and treatment with salvage of fistula (lette~) [Raja- 
goplan] 636 (My) 

Terminal loop cutaneous ureterostomy in cadaveri- kidney 
transplantation [Garrison] 467 (Ap) 

Wound ts possible source of posttraumatic immunosuppres- 
sion [Lazarou] 1429 (De) 

Cause of Death 

Major abdominal complications following cardiactrensplan- 
tation [Merrell] 889 (Au) 

Stratifying causes of death in liver transplant recipents: an 
approach to improving survival [Shaw] 895 (Aw) 

Cefazolin 

Prophylactic antibiotherapy in abdominal surgery: irst- vs 
third- rsneration cephalosporins [Rotman] 323 M-) 

Cefoperazone 

Cefotetan-associated coagulopathies (letter) [Smi-h] 388 
(Mr) 

Cefotaxime 

Prophylactic ene in abdominal surgery: first- vs 
third- generation cephalosporins | Rotman] 323 (M5) 


Cefotetan 
B VAa coagulopathies (letter) [Smith] 388 
r 
Cefoxitin 
Enhanced effectiveness of intraperitoneal antibiotics ad- 
ministered via liposomal carrier [Price] 1411 (De) 
Ceftriaxone 
Oral prophylaxis with neomycin and erythromycin in eolor- 
ectal surgery: more proof for efficacy than failure [Kling] 
705; (editorial comment) [Condon] 707 (Je) 
Hl Division 
Characterization of wound cytokines in sponge matrix mod- 
el [Ford] 1422 (De) 
Cell-Mediated Lympholytic Cells see T Lymphocytes, 
Cytotoxic 
Cell Movement 
Interactions of human colorectal carcinoma cells with base- 
ment membranes: analysis and correlation with differen- 
tiation [Daneker] 183 (Fe) 
ar Surface Glycoproteins see Membrane Glycopro- 
ns 
Centchroman see Benzopyrans 
Central Nervous System Diseases 
Evaluation of staging workup in malignant melanoma 
[Khansur] 847 (Jy) 
Cephalosporins 
Neutropenia complicating parenteral antibiotic treatment 
of infected nonunion of tibia [McCluskey] 1309 (No) 
Prophylactic peice eo in abdominal surgery: first- vs 
third- generation cephalosporins [Rotman] 323 (Mr) 
Single-dose antibiotic prophylaxis in contaminated abdomi- 
nal ey [Hall] 244 (Fe) 
Cervical Rib Syndrome see Thoracic Outlet Syndrome 
Cervix Neoplasms 
Anpa laser treatment of radiation proctitis [O'Connor] 749 
e 


Cetrimonium Compounds see Ammonium Compounds 
Chemotherapy see Drug Therapy 

Chest see Thorax 

Chest Pain 

lai perforation [Flynn] 1211 (Oc) 


Increased incidence of delayed gastric emptying in children 
with gastroesophageal reflux: prospective evaluation 
[Papaila] 933 (Au) 

Chloromequat see Ammonium Compounds 

Cholangiography 

Endoscopic cholangiography and stone removal prior to 
ir sta beri more cost-effective approach than oper- 
ative duct exploration? [Van Stiegmann} 787 (Jy) 

Pancreatic cystocholedochostomy: first report of case 
[Thompson] 1343 (No) 

Percutaneous transhepatic cholangiography and biliary de- 
compression: invasive, diagnostic, and therapeutic proce- 
dures with too high a price? [Sirinek] 885 (Au) 

Risk factors for acute pancreatitis in patients with migrat- 
ing gallstones [Oria] 1295 (No) 

Secon biliary cirrhosis: limiting factor in treatment of 
hepatolithiasis [Jeng] 1301 (No) 

Selective vs routine use of intraoperative cholangio pe 
argument [Pasquale] 1041; (editorial comment) [ - 

quan lane ee phy, Endo ic Ret de 

olangiopancreatography, c Retrogra 

Emergent dndenconie retrograde cholangiopancreato- 

phy: highl on test for acute pancreatic trauma 
Frari 745 (Je) 

Pseudocysts in chronic 
consecutive patients 
[Walt] 243 (Fe) 

Cholangitis 

Gallstone disease: clinical manifestations of infectious 
stones [Smith] 629 (My) 

Management of biliary obstruction: comparison of percuta- 
ee endoscopic, and operative techniques [Rothschild] 
556 (My) 

Surgical management of impacted common bile duct stones 
without sphincter ablation [Thompson] 1216 (Oc) 

Cholan , Chronic Nonsuppurative Destructive see 
Liver Cirrhosis, Biliary 

Cholangitis, Sclerosing 

Intrahepatic cholangiojejunostomy as peliaties procedure 
in primary sclerosing cholangitis [Goldenring] 565 (My) 

Sclerosing cholangitis associated with hydatid liver disease 
(letter) [Polo] 637 (My) 
holecystectomy 

Concomitant cholecystectomy for asymptomatic cholelithia- 
sis [Bragg] 460 ( ap) 

yed formation of gallstones after transcatheter arterial 
embolization for hepatocellular carcinoma: is elective cho- 
Stee aia advisable during hepatectomy? [Jeng] 1319 


creatitis: surgical results in 102 
iviluoto] 240; (editorial comment) 


o 

Endoscopic cholangiography and stone removal prior to 
olooyotoetomy: more cost-effective approach than oper- 
ative duct exploration? [Van Stiegmann] 787 (Jy) 

How many Americans will be eligible for biliary lithotripsy? 
Popata 1195 (Oc) 

Intrapleural regional analgesia for pain management in cho- 
lecystectomy [El-Naggar] 568 (My) 

Long-term survival in carcinoma of biliary tract: analysis of 
prognostic factors in 146 resections [Ouchi] 248 (Fe) 

Percutaneous cholecystostomy in diagnosis and treatment 
7i pe cholecystitis in high-risk patient [Werbel] 782 
(Jy 

Percutaneous transhepatic ultrasonic cholelithotripsy [Das] 
747; (editorial comment) | Nahrwold] 748 (Je) 

Surgical management of impacted common bile duct stones 
esse pinotar ablation [Thompson] 1216 (Oc) 

Cholecystitis 

Evaluation of prostacyclin production by human gallbladder 
[Kaminski] 277 (Mr) 

Gallbladder response to enteral lipids in injured patients 
[Merrell] 301 (Mr) 

Major abdominal! complications following cardiac transplan- 
tation [Merrell] 889 (Au) i j 

Management of general surgical complications following 
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cardiac transplantation [DiSesa] 539 (My) 
Percutaneous cholecystostomy in diagnosis and treatment 
g aeti choleeystitis in high-risk patient [Werbel] 782 
y 
Percutaneous transhepatic ultrasonic cholelithotripsy [Das] 
747; (editorial comment) { Nahrwold] 748 (Je) 
Reversal of pigment gallstone disease in canine model 
a pai managenient(inpactod bile d 
ment ofimpacted common bile duct stones 
“Wthoüt sphineter ablation [Thompson] 1216 (Oc) 
Cholecystokinin 


lecy 

Cholecystokinin augmentation of ‘ ical’ creatitis: 
benefits of receptor blockade [Modlin] 574 (My) 

Inhibition of stimulated canine exocrine pancreas by amino 
acids and fat [Stubbs] 473 (Ap) 


ipa rec me 

Biliary lithotripsy: determination of stone f entation 
success and potential tissue injury in swine [Deaconson] 
916 (Au) 

Selective vs routine use of intraoperative cholangiography: 
argument [Pasquale] 1041; (editorial comment) r- 
mann] 1042 (Se) 

Choledocholithiasis see Common Bile Duct Calculi 

Cholelithiasis 

‘Biliary lithotripsy: determination of stone fi entation 
success and potential tissue injury in swine [Deaconson] 
916 (Au) 

Concomitant cholecystectemy for asymptomatic cholelithia- 
sis [Bragg] 460 Ap) 

Delayed formation of gallstones after transcatheter arterial 
embolization for hepatocellular carcinoma: is elective cho- 

x oo advisable during hepatectomy? [Jeng] 1319 

0) 


Gallstone disease: clinical manifestations of infectious 
stones [Smith] 629 (My) 

How many Americans will be eligible for biliary lithotripsy? 
[Magnuson] 1195 (Oc) 

Selective vs routine use of intraoperative cholangiography: 
argument [Pasquale] 1041; (editorial comment) H t- 
mann] 1042 (Se) 


Cholestasis 

Effects of sary obstruction on hepatie clearance of bacte- 

ria [Allen] 973; (editorial comment) [Pruitt] 977 (Au) 

Less is better: diagnostic workup of patient with obstrue- 

is eee {Olen] 791; ‘editorial comment) [Hermann] 
y 
Management of biliary obstruction: comparison of percuta- 
ft endoscopic, and operative techniques [Rothschild] 
(My) 
Pancrentle cystocholedochestomy: first report of case 
[Thompson] 1343 (No) 

Surgical management of impacted common bile duct stones 

without sphincter ablation [Thompson] 1216 (Oc) 
Cholestero 
Gallstone disease: clinical manifestations of infectious 
stones [Smith] 629 (My) 
eversal of pinne gallstone disease in canine model 
[Dawes] 463 (Ap) 

Cholithiasis, Common BileDuct see Common Bile Duct 
Calculi 

Choristoma 

Heterotopic ossification within small-bowel mesentery [My- 

ers] 982 (Au) 
Chromatography, Ligu 
roma y: 
Plasma BE ah i ike re as cancer therapy [Wile] 222 (Fe) 
Chromosome Abnormalities b 
ne tract obstruction in fetus [Langer] 1183 
(Oc) 

Hernia uterus in 
[Elliot] 872 Uy 
icatrix 

Heterotopic ossification within small-bowel mesentery [My- 

ers] 982 (Au) 

Sear or recurrent rectal cancer: positron emission tomogra- 
hy more helpful for diagnosis than immunoscintigraphy 
Schlag] 197 (Fe) 

Cisplatin 

Recombinant human tumor necrosis factor alone and with 

chemotherapeutic agents: effect of nude mouse-support- 
ed human bladder cancer heterografts [Das] 107 (Ja) 

Citrinin see Benzopyrans 

“Classification 

i; extensive lymphadenectomy necessary for surgical treat- 
op of intramucosal carcinoma of stomach? [Iriyama] 

(Mr) 

oe of trauma reimbursement [Shapiro] 1237 
(Oc) 

Patterns of relapse in 1001 consecutive patients with mela- 
noma nodal metastases [Calabro] 1051 (Se) 

Stratifying causes of death in liver transplant recipients: an 
approach to improving survival [Shaw] 895 (Au) 

Clinical Competence 

Training and utilization of surgical physician assistants: 
retrospective study [Brandt] 348; (editorial comment) 
[Kaminiski] 351 (Mr) 

Clinical Skills see Clinical Competence 

Clinical Trials 

Are complications in intraoperative radiation therapy more 
ea than in conventional! treatment? [Cromack] 229 
(Fe) 

Effect of timimg on lymphokine presentation on generation 
of cytotoxic T lymphocytes [Stringfellow] 81 (Ja) 

Impact of ambulatory surgical service in community hospi- 
tal [Laffaye] 601 (My) 

Peripheral laser-assisted balloon angioplasty: initial multi- 
center experience in 219 Peo. arteries [Sanborn] 
1099; (editorial comment) [Hobson] 1103 (Se) 

Single-dose antibiotic prophylaxis in contaminated abdomi- 

pf _ nal surgery [Hall] 244 (Fe) 

Clostridiopeptidase A 


inale associated with unicornuate uterus 


Partial hepatectomy augments liver'’s antitumor response 
[Doerr] 170 (Fe) 

Clot Retraction 

Delayed administration of tissue plasminogen activator re- 
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oo abscess formation [McRitchie] 
Treatment of Paget-Schroetter syndrome: staged, multidis- 
ciplinary approach [Kunkel] 1153 (Oc) 
Clothing 


Duplex venous scanning for prospective surveillance of per- 
ioperative venous thrombosis [Flinn] 901 (Au) 
Colectom 


aeieastveis arising in ileostomy: report of 2 cases and 
review of literature [Roberts] 497 (Ap) 

Evaluation of right hemicolectomy for unexpected cecal 
mass [Riseman] 1043 (Se) 

Successful surgical treatment of idiopathic colonic dysmoti- 
lity: role of preoperative evaluation of coloanal motor 
function [Zenilman] 947 (Au) 

Coliform Bacilli see Enterobacteriaceae 

Colitis, Ulcerative 

Adenocarcinoma arising in ileostomy: report of 2 cases and 
review of literature [Roberts] 497 (Ap) 

Collagenase see Clostridiopeptidase A 

Collateral Circulation 

Role of isolated | i am for treatment of rest pain 

one p) 

on 


Diagnosis and treatment of duodenoenteric fistulas compli- 
cating Crohn's disease [Lee] 712 (Je) 

Effect of new monofilament absorbable sutures in healing of 
musculoaponeurotiz incisions, gastrotomies, and colonic 
anastomoses [Foresman] 708 (Je) 

Efficacy of oral antimicrobials in reducing aerobic and an- 
aerobic colonic mucosal flora [Groner] 281 (Mr) 

Oral prophylaxis with neomycin and erythromyein in color- 
ectal surgery: more proof for efficacy than failure [Kling] 
705; (editorial comment) [Condon] 707 (Je) 

Successful surgical treatment of idiopathic colonie dysmoti- 
lity: role of preoperative evaluation of coloanal motor 
function (Zenilman)} 947 (Au) 

Colonic Neoplasms 

Detection of cancer-prone colon, using transepithelial im- 
pedance analysis [Davies] 480 (Ap) 

Experimental liver metastasis: implications of clonal pro- 
clivity and organ specificity [Ravikumar] 49 (Ja) 

Hepatectomy rong survival of mice with induced liver 
metastases [Castillo] 167 (Fe) 

Neutron therapy for nonresectable radioresistant tumors 
[Cohen] 294 (Mr) 

Pena A stimulation of human colon carcinoma [McGre- 
gor] 470 (Ap) 

7s ea therapy for esophageal tumors [McCaughan] 
74 (Ja) 

Prolongation of survival of nude mice bearing human colon 
cancer: treatment with yttrium 90-labeled anti- carein- 
oembryonic antigen antibody [Hyams] 175 (Fe) 

Results of operative treatment of gastrointestinal tract tu- 
mors in patients over 80 years of age [Morel] 662 Je) 

Survival of patients with stage B2 colon carcinoma: 
gastrointestinal tumor study group experience [Nauta] 
180 (Fe) 

Colonoscopy 

Rationale for aggressive colonoscopy in patients with color- 
ectal neoplasia [Dasmahapatra] 63 (Ja) 

Splenic injury during colonoscopy [Gores] 1342 (No) 

Colony-Stimulating Factor 

Characterization of wound cytokines in sponge matrix mod- 
el [Ford] 1422 (De) 

Colorectal Neoplasms 

Antioxidants vs carotenoids: inhibitors or promoters of ex- 
perimental colorectal cancers (Colacchio] 217 (Fe) 

Detection of cancer-prone colon, using transepithelial im- 
pedance analysis [Davies] 480 (Ap) 

Experimental liver metastasis: implications of clonal pro- 

ivity and organ specificity [Ravikumar] 49 (Ja) 

Hepatectomy belongs survival of mice with induced liver 
metastases Casti 0] 157 (Fe) 

Hepatic resection for metastases from colorectal carcinoma 
is of dubious value [Silen] 1021 (Se) 

Improved early results of elective hepatic resection for liver 
tumors: 100 consecutive hepatectomies in cirrhotic and 
noncirrhotie patients [Franco] 1033 (Se) 

Interactions of an colorectal carcinoma cells with base- 
ment membranes: analysis and correlation with differen- 
tiation [Daneker] 183 (Fe) 

Intra-abdominal recurrence of colorectal cancer detected by 
ines surgery (RIGS system) [Sardi] 55 

` (Ja 

Natural killer sensitivity of colorectal carcinoma targets: 
correlation with degree of differentiation [Bagli] 89 (Ja) 

Partial hepatectomy augments liver’s antitumor response 
[Doerr] 170 (Fe) 

Prolongation of survival of nude mice bearing human colon 

- cancer: treatment with yttrium 90-labeled anti- carcin- 
oembryonie antigen antibody [Hyams] 175 (Fe) 

Rationale for aggressive colonoscopy in patients with color- 
ectal neoplasia [Dasmahapatra] 63 (Ja 

Surgical treatment of recurrent colorectal cancer: 5-year 
fo ae 1029 (Se) 

Common Bile Duct 

Can common bile duct drain into fourth part of duodenum? 
‘eae 984; (editorial comment) [Fonkalsrud] 985 

u) 

Common bile duct healing: do different absorbable sutures 

pr yA stricture formation and tensile strength? [Sharp] 
(Ap) 

Pancreatic eystocholedochostomy: first report of case 
[Thompson] 1343 (No) 

Common Bile Duct Calcul 

Endoscopic cholangiography and stone removal prior to 
cholecystectomy: more cost-effective approach than oper- 
ative duct exploration? [Van Spe, ara 787 (Jy) 

How many Americans will be eligible for biliary lithotripsy? 
[Magnuson] 1195 (Oc) 

Risk factors for acute pancreatitis in patients with migrat- 
ing gallstones [Oria] 1295 No) 

Secondary biliary cirrhosis: limiting factor in treatment of 
hepatolithiasis [Jeng] 1301 (No) 


bi BT n= 


Compartment Syndromes 
Changes in tibial venous blood flow in evolvingsccmpart- 
ry) ndrome [Jones] 801, (editorial comment) [Glover] 


y 
pe ce Clinical see Clinical Competence 


pi cial Aer for met an balanced view for 

p cing ournier] 1 ) 

Constipation 

Successful surgical treatment of idiopathic coloniedysmoti- 
lity: role of preoperative evaluation of col motor 
function [Zenilman] 947 (Au) 

Contusions 

Myocardial contusion: when can diagnosis be eliminated? 
[Miller] 805 (Jy) 

Coronary Disease 

Analysis of risk factors for myocardial infarction followmg 
carotid endarterectomy [Yeager] 1142 (Oc) 

Effect of beta-adrenergic blockade on growth rate cf aodem- 
inal aortic aneurysms [Dalessandri] 389 (Mr) i 

Heart transplantation during first 12 years of life [Bailey] 

è 1221 (Oc) i 
outine intraoperative angioscopy in lower extremity re- 
vascularization [Miller] 604 (M h 

Corticoids see Adrenal Cortex Hormenes 

Corticosteroids see Adrenal Cortex Hormones 

Cost Allocation see Costs and Cost Analysis 

Cost Benefit Analysis 

Endoscopic cholangiography and stone removal prior to 
pre ops as more cost-effective approach than oper- 
ative duct exploration? [Van Stiegmann igs (Jy) 

Guidelines for practical utilization of intraoperative frozen 
a [Prey] 331; (editorial comment) [Copeland] 335 

r 

Costs and Cost Analysis 

Are estimating energy apenas in hospitalized patients 
aan (letter) [Long] 1463 (reply) [Nelson] 1464 
(De 


Catheter aspiration for sim ia pero ss experience 
with 114 patients [Delius]. ; (editorial comment) [Ra- 
binowitz] 836 Jy) 

Impact of rach wo 4 surgical service in community hospi- 
tal | Laffaye] 601 (My) 

Less is better: diagnostic workup of patient with obstruc- 
Phy Nate [Olen] 791; (editorial comment) [Hermann] 

y 


Misco apan of trauma reimbursement [Shapiro] 1237 

(Oc) 

Nosocomial abscess: results of 8-year prospective study of 
32 284 operaticns [Olson] 356 (Mr) 

Prophylactic antibiotherapy in me aren oS first- vs 
third- generation cephalosporins [Rotman] 323 (Mr) 

Results of operative treatment of gastrointestinal tract tu- 
mors in patients over 80 years of age [Morel] 662 (Je) 

Selective vs routine use of inirpapgrati verhoaa Sane 
argument [Pasquale] 1041; (editorial comment) [Eer- 
mann] 1042 (Se) 

Stratifying causes of death in liver transplant recipients: am 
app to improving survival [Shaw] 895 (Au) 

Surgeon, healer with work at hand: presidential address 
[Stevenson] 1123 (Oc) 

= call it competition: presidential address [Block] 771 
(Jy) ; 


Cough 

Pain on coughing and numbness in sciatica: what exactly do 
these symptoms mean? (letter) [Walk] 751 (Je) 

Creatine Kinase 

Cardiac contusion. effect on operative management of pa- 
tient with trauma injuries [Ross] 506; (editorial comment) 
[Soutter] 507 (Ap) 

Creatine Phosphokinase see Creatine Kinase 

Creatinine 

Development of basteria-independent model of multiple ar- 
gan failure syndrome [Steinberg] 1390 (De) 

Credentialing 

TA call it competition: presidential address [Block] 771 
(Jy) 


Crohn Disease 

Diagnosis and treatment of duodenoenteric fistulas compli- 
cating Crohn's disease [Lee] 712 Je) 

Evaluation of right hemicolectomy for unexpected cecal 
mass [Riseman] 1043 (Se) 

Cross Infection 

Nosocomial abscess: results of 8-year prospective study of 
32 284 operations [Olson] 356 (Mr) 

Prophylactic pecs in abdominal surgery: first- vs 
third- generation cephalosporins [Rotman | 323 (Mr) 

Cyclooxygenase see Prostaglandin Synthase 

Cyclosporine 

Progress in experimental porcine small-bowel transplanta- 
tion [Kaneko] 587 (My) 

Cyclosporins 

Heart transplantation during first 12 years of life [Bailey] 
1221 (Oc) 

Management of general on cain followmg 
cardiac transplantation [DiSesa] 539 (My) 

Cylosporin A see Cyclosporins 

Cylosporines see Cyclosporins 

Cystadenoma 

Pancreatic cystadencma: clinicopathologic study [Corbaliy] 
1271 (No) 
stic Fibrosis 

Changing patterns of treatment and survival in neonates 
with meconium ileus [Rescorla] 837 (Jy) 

se; nate tract obstruction in fetus [Langer] 1183 
(Oc) 

Cysts 

Echinococcal disease in extended family and review of liter- 
ature [Musio] 741 (Je) 

Follow-up of patients with aspirated breast cysts is neces- 
sary [Hamed] 253; (editorial comment) [Walt] 255 (Fe) 

Massive extracapsular hemorrhage from parathyroid cyst 
[Simcie]} 1347 (No) 

Pseudocysts in chronic 
consecutive patients 


creatitis: surgical results in 102 
iviluoto] 240; (editorial comment) 


Subject Index 1477 


[Walt] 243 (Fe) 
Batlengces 7 
Rhabdomyosarcoma: contemporary status and future direc- 
tions: Lucy Wortham James Clinical Research Award 
[Donaldson] 1015 (Se 


Cytokines see Cell Division 


ology 

Canney role of fine-needle aspiration cytologic evaluation 
and frozen section examination in operative management 
of thyroid cancer [Kapald] 1201 (Oe) 

Fine needle aspiration for breast masses (letter) [Goldman] 
510 (Ap) 

neo aspiration for breast mass diagnosis [Wolberg] 
814 (Jy) 

Bodde LA of human colorectal carcinoma cells with base- 
ment membrares: analysis and correlation with differen- 
tiation [Daneker] 188 (Fe) 

Sur y e of pancreatie lymphoma [Mansour] 
1 (No) 

egaloviruses 

Clinical patterns of cytomegalovirus disease after liver 
transplantation [Stratta] 1443 (De) 

Emergency abdominal operations in patient with acquired 
immunodeficiency syndrome [Buraek] 285 (Mr) 

Cytosol 

Value of measuring normone receptor levels of regional 
metastaticcarcinoma of breast [Butler] 1131 (Oc) 

Cytotoxicity, Immunologic see T Lymphocytes, Cyto- 


toxic 


D 
Dacron see Poly Terephthalate 
Dactinomycin ER 
Isolated regional ion in treatment of subungual mela- 


noma [Baas] 373; (editerial comment) (Leffall] 376 (Mr) 

Recombinant human tumor necrosis factor alone and with 
chemotherapeuticagents: effect of nude mouse-support- 
ed human bladder cancer heterografts [Das] 107 (Ja) 

Debridement 

Debridement of wounds with Dakin’s solution (letters) [Raf- 
fensperger, Barese] (reply) [Kozol] 133 (Ja) 

Excision of burn wound in patients with large burns 
{McManus} 718 (Je) 

Iliac arterial transpesitien [Landreneau] 978 (Au) 

Omental pedicle grafting in treatment of postcardiotomy 
sternotomy infection fLovich} 1192 (Oc) 

Decision Making 

Hepatic resection far metastases from colorectal carcinoma 
is of dubious value [Silen] 1021 (Se) 

How accurate is fine- biopsy in malignant neoplasia of 
pancreas? [Parsons] 681 (Je) 

Preoperative screening for HIV infection: balanced view for 
practicing s [Fournier] 1038 (Se) 

Defibrillation, c see Electric Countershock 

Deglutition 

Treatment of achalasia: current perspective [Sauer] 929 


(Au) 

Deglutition Disorcers. 

Early diagnosis of adenocarcinoma developing in Barrett's 

a sig re hopara SA i kijki 
assive TI PUT, 7a emo om parathyroid cyst 
[Simcic] 1347 (Ne) 

Diabetes Mellitus 

Analysis af risk faetors for infarction following 
carotid endarterectomy [Yeager] 1142 (00) 

Arterial mycotic aneurysm and rupture: potentially fatal 
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ong-term results with primary retroperitoneal tumors 
[Finson] 1168 (Oc) 
Glucagon 
Inhibition of stimulated canine exocrine pancreas by amino 
acids and fat [Stubbs] 473 (Ap) 
Glucose 
Effect of endotoxin on glucose metabolism in skeletal muscle 
requires presence of plasma [Amaral] 727 (Je) 
Glues see Adhesives 
Glutamine 
Glutamine-supplemented total parenteral nutrition im- 
atycin s gut immune funetion [Burke] 1396 (De) 
e 
Effect of dichloroacetate on plasma and hepatic amino acids 
in sterile inflammation and sepsis [Vary] 1071 (Se) 
Glycoproteins 
Natural killer sensitivity of coloreetal carcinoma eapets: 
correlation with degree ef differentiation [Bagli] 89 (Ja) 
Prognostic significance of cellular immunity to autologous 
breast carcmoma and glycoprotein 55 [Black] 202 ( Fe) 
Graft Occlusion, Vas 


Experimenta! aortic replacement with vascularized tissue 
P hea 1331 (No) 
aphenous vein bypass te pedal arteries: aggressive strate- 
gy for foot sal [Harris] 1232 (Oc) 


Use of arm veins for infrainguinal bypass in end-stage pe- 
ripheral vascular disease (alah 1078 (Se) 

Use of triplex scanner in diagnosis of deep venous thrombo- 
sis [Persson] 593 (My) 

Tenens tees for iliofemoral agras Saen fa- 
cilita tempo arteriovenous shunt: long-term 
results in S patients [Olceadome] 957 (Au) 

war et ne ‘ pedal 

enous vein bypass to arteries: aggressive strate- 
gy for foot salvage [Harris] 1232 (Oe) 

Pron nila L small-bowel l 

gress in experimental porcine -bowel transplanta- 
tion [Kaneko] 587 (My) 

Graft vs Host Reaction 

Hemodynamic effects on endothelial cell monolayer detach- 
ment from vascular prostheses [Greisler] 429 (Ap) 

Gram-Negative Bacteria 

Endotoxin tolerance is associated with reduced secretion of 
tumor necrosis factor [Sanchez-Cantu] 1432 (De) 

Kupffer’s cell cytotoxicity to hepatocytes in coculture re- 
quires -arginine [Billiar] 1416 (De) 

Recombinant human tumor necrosis factor produces hemo- 
ant eT characteristic of sepsis and endotoxemia 
[Schirmer] 445 (Ap) 

Greece 

Echinococca! disease in extended family and review of liter- 

on. [Musio] 741 (Je) 


Diagnostic pneumoperitoneum in pediatric patient with uni- 
lateral inguinal hernia Timberlake] 721 Ge) 
Extent of lymph node dissection in melanoma of trunk or 
lower extremity [Coit] 162 (Fe) 
Growth Substances 
An toi dos treatment prevents necrosis and enhances 
rmal regeneration in rabbits [Héckel] 693 (Je) 


Haemophilus influenzae 

Splenectomy: treatment of choice for human immunodefi- 
ciency virus-related immune thrombocytopenia? [Ravi- 
kumar] 625 (My) 

Hashimoto's Disease see Thyroiditis, Autoimmune 


Fragmentation in general ery: case of head and neck 
surgery [Friedmann] 1013 (Se) 

Head and Neck Neoplasms 

Medullary carcinoma in children: results of early detection 
and surgery ‘Telander] 841 (Jy) 

Patterns of relapse in 1001 consecutive patients with mela- 
noma nodal metastases [Calabro] 1051 (Se) 

Health Policy 

Results of operative treatment of gastrointestinal tract tu- 
mors in patients over 80 years of age [Morel] 662 (Je) 

Heart Arrest 

Arterial mycotic aneurysm and rupture: potentially fatal 
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complication of pancreas transplartation in diabetes mel- 
litus [Tzakis] 660; (editorial comment [Barker] 661 (Je) 

Impact of in-house surgeons and operating room resuscita- 
tion on outcome of traumatic injures Hoyt] 906; (editori- 
al comment) [Blaisdell] 910 (Au) 

Heart Catheterization 

Arteriovenous fistulas after cardiac atheterization [Glaser] 
1313 (No) 

Heart Diseases 

Heart transplantation during first 12 years of life [Bailey] 
1221 (Oc) 

Myocardial contusion: when can diagnosis be eliminated? 
| Miller) 805 (Jy) 

Routine intraoperative angioseopy in lower extremity re- 
vascularization [Miller] 604 (My) 

Heart Failure, Congestive 

Arteriovenous fistulas after cardiac catheterization [Glaser] 
1313 (No) 

Heart Injuries 

Cardiac contusion: effect on operative management of pa- 
tient with trauma injuries [Ross ](; (editorial comment) 
[Soutter] 507 (Ap) 

Heart Rupture 

Arterial mycotic aneurysm and ruptare: potentially fatal 
complication of panereas transplantation in diabetes mel- 

‘on [Tzakis] 660; (editorial comment) [Barker] 661 (Je) 

rt 

Major abdominal complications follewing cardiac transplan- 
tation [Merrell] 889 (Au) 

Management of general surgical complications following 
cardiac transplantation (Disesal 536 M y) 

Omental pedicle grafting in treatment of posteardiotomy 
sternotomy infection [Lovich] 11%2 Oc) 

Hematocrit 

Limitations to donating adequate ie blood prior to 
elective orthopedic surgery [Goodnwugh] 494 (Ap) 

Hematoporphyrin Photoradiation see Photochemother- 


apy 
Hematoporphyrins 
abe aaa a therapy for esophagealitumors [McCaughan] 
(Ja) 

Hem lin see Benzopyrans 

Hemodialysis 

gee ier! erty edema fellowing forearm fistula: 
cause and treatment with salvage of fistula (letter) [Raja- 
goplan] 636 (My) 

Hemodynamics 

Delay ministration of tissue puasminogen activator re- 
duces intra-abdominal abscess fermation [McRitchie] 
1406 (De) 

Early detection of shock in critically ill patients by skeletal 
muscle PO, assessment ([Beerthaizen} 853 (Jy) 

Effect of beta-adrenergic blockadeon growth rate of abdom- 
inal aortic aneurysms [Dalessandri 389 (Mr) 

Hemodynamic effects on endothelzal vell monolayer detach- 
ment from vascular prostheses | 3reisler] 429 (Ap) 

Hypertonic saline resuscitation ir ine model of severe 
hemorrhagic shock [Stanford] 723 Je) 

Physiologic effects of paeo att in surgical intensive 
care unit [Nelson] 352 (Mr) 

Recombinant human tumor necrosis ‘actor produces hemo- 
dynamic changes characteristic #f sepsis and endotoxemia 
[Schirmer] (Ap) 

Role of isolated Ee ndaplasty fer treatment of rest pain 
[McCoy] 441 (Ap) 

Selective nonoperative management of blunt splenic trauma 
in adults [Elmore] 581 (My) 

Surgeon, healer with work at hand: presidential address 
[Stevenson] 1123 (Oc) 

Thromboxane A,-receptor blockase and prostacyclin in por- 
cine Escherichia coli shock [Svartholm] 669 tJe) 

Hemolysins 

Association of Escherichia coli viralence and pulmonary 
microvascular damage [Barke] +49 (Ap) 

Hemorrhage 

Angioarchitectural classification of esophageal varices and 

araesophageal veins in selective left gastrie venography 
askiz 961 (Au) 

nos laser treatment of radiation proctitis [O'Connor] 749 
(Je) 

Arterial mycotic aneurysm and rupture: potentially fatal 
complication of pancreas transplantation in diabetes mel- 
litus |Tzakis] 660; (editorial comment) [Barker] 661 (Je) 

ener coagulopatnies (letter) [Smith] 388 
(Mr) 

Cirsoid aneurysms of jejunum: unrecognized cause of mas- 
sive gastrointestinal bleeding [ /etto] 1460 (De) 

Fibrin glue achieves hemostasis ie patients with coagulation 
disorders [Kram] 385 (Mr) 

Hemostasis of solid viscus trauma by intraparenchymal in- 
jection of fibrin glue [Hauser] 21 Mr) 

Hepatic paceman major hepatic trauma (letter) [Ferguson] 
508, (reply) [Stain] 509 (Ap) 

Impact of in-house surgeons andoperating room resuscita- 
tion on outcome of traumatic injuries [Hoyt] 906; (editori- 
al comment) [Blaisdell] 910 (Ax) 

Improved early results of elective hepatic resection for liver 
tumors: 100 consecutive hepacectomies in cirrhotic and 
noncirrhotic patients [Franco }1033 (Se) 

Massive extracapsular hemorrhage from parathyroid cyst 
[Simeic] 1347 (No) 

Pelvic fracture hemorrhage: prierities in management 
[Evers] 422 (Ap) ; 

Pentoxifylline increases extremity blood flow in diabetic 
atherosclerotic patients [Schwartz] 434 (Ap) 

Percutaneous transhepatiec cholangography and biliary de- 
compression: invasive, diagno: tic, and therapeutic proce- 
dures with too high a price? [Srinek] 885 (Au) 

Recent experience with thoracozbdominal aneurysm repair 
[Cambria] 620 (My) 

Secondary biliary cirrhosis: limiting factor in treatment of 
hepatolithiasis [Jeng] 1301 (No) 

Splenosis: cause of massive gestmointestinal hemorrhage 
[Basile] 1087 (Se) 

Spontaneous renal rupture in pregnancy (letter) [Izumoto] 
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389 (Mr) 
Hemostasis 
SES atiota coagulopathies (letter) [Smith] 388 
r) 


Fibrin glue achieves hemostasis in patients with coagulation 
disorders [Kram] 385 (Mr) 

Posttraumatic autotransplantation of spleen tissue [Miz- 
rahi] 863; (editorial comment) [Moore] 865 (J y) 

Hemostasis, Surgical 7 

Hemostasis of solid viscus trauma by intraparenchymal in- 
jection of fibrin glue [Hauser] 291 (Mr) 

Hepatic panni in major hepatic trauma (letter) [Ferguson] 
508, (reply) [Stain] 509 (Ap) 

Pseudocysts in chronic pancreatitis: surgical results in 102 
consecutive patients Kiviluoto] 240; (editorial comment) 
[Walt] 243 (Fe) 

Heparin 

Delayed administration of tissue plasminogen activator re- 
duces intra-abdominal abscess formation [McRitchie] 
1406 (De) 

Iliac arterial transposition [Landreneau] 978 (Au) 

Hepatectomy 

Hepatectomy prolongs survival of mice with induced liver 
metastases Castillo} 167 (Fe) 

Hepatic resection in 120 patients with hepatocellular carei- 
noma [Chen] 1025 (Se) 

Improved early results of elective hepatic resection for liver 
tumors: 100 consecutive hepatectomies in eirrhotic and 
noncirrhotie patients [Franco] 1033 (Se) 

Partial hepatectomy augments liver’s antitumor response 
[Doerr] 170 (Fe) 

Hepatic Veins 

Improved early results of elective hepatic resection for liver, r 
tumors: 100 consecutive hepatectomies in cirrhotic and” 
noncirrhotic patients [Franco] 1033 (Se) 

Hepatitis, Alcoholic 

Hemostasis of solid viscus trauma by intraparenchymal in- 
jection of fibrin glue [Hauser] 291 (Mr) 

Hepatitis B Surface Antigens 

Hepatic resection in 120 patients with hepatocellular carci- 
noma [Chen] 1025 (Se) 

H oma 

Delayed formation of gallstones after transcatheter arterial 
embolization for hepatocellular carcinoma: is elective cho- 
mead advisable during hepatectomy? [Jeng] 1319 

0) 

Hereditary Diseases 

Agenesis of gallbladder (letter) [Heij] 1463 (De) 

Relationship of abdominal aortic aneurysm to tortuous in- 
ternal carotid coho is there one? [Mukherjee] 955 (Au) 

Rudimentary first rib: cause of thoracic outlet syndrome 
with arterial compromise [Baumgartner] 1090 (Se) 

Hernia 

Recent trends in management of incisional herniation 
[Read] 485 (Ap) 

Hernia, Diaphragmatic 

Delayed presentation of right-sided diaphragmatic herni 
and group B streptococcal sepsis: 2 case reports and rae 
view of literature | Rescorla] 1083 (Se) 

Hernia, Inguinal 

Diagnostic pneumoperitoneum in pediatric patient with uni- 
lateral inguinal hernia [Timberlake] 721 (Je) 

Hernia uterus inguinale associated with unicornuate uterus 
[Elliot] 872 (Jy) 

Heterograft see Transplantation, Heterologous 

Heterotopic Tissue see Choristoma 

Histology 

Clarifying role of fine-needle aspiration cytologic evaluation 
and frozen section examination in operative management 
of thyroid cancer | Kopald] 1201 (Oc) 

DNA ploidy and tumor invasion in human gastric cancer: 
histopathologic differentiation [Korenaga] 314 (Mr) 

Thyroid cancer with coexistent Hashimoto's thyroiditis: 
ge assessment and management [Eisenberg] 1045 
(Se) 

HIV 

Splenectomy: treatment of choice for human immunodefi- 
ciency virus-related immune thrombocytopenia” [Ravi- 
kumar] 625 (My) 

Hormones 

Local recurrent mammary carcinoma failing multimodality 
therapy: solution [McCormack] 158 (Fe) 

Hospital Infection see Cross infection 

s 


ene call it competition: presidential address [Block] 771 


(Jy) 

Hospitals, Community 

Impact of saeco surgical service in community hospi- 
tal [Laffaye] 601 (My) 

Training and utilization of surgical physician assistants: 
retrospective study [Brandt] 348; (editorial comment) 
[Kaminiski] 351 (Mr) 

Hospitals, Special 

Cancer centers—origins and purpose: James Ewing lecture 
hinget 43 (Ja) 

Hospitals, Teaching 

Resident hours: only work? [Condon] 1121 (Oc) 

Hospitals, Veterans 

Changes in surgical treatment of peptic ulcer disease within 
ae hospital in 1970s and 1980s [McConnell] 1164 
(Oc) 

Microvascular free-tissue transfer: Atlanta Veterans Ad- 
J or iri Medical Center experience [Carlson] 438 
(Ap) 

House Staff see Internship and Residency 

Hydrogen-lon Concentration 

Significance of gastric secretory state in gastroesophageal 
reflux disease [Barlow] 937 (Au) 

Hydroxylases 

Leukotriene B, generation in patients with established pul- l 
monary failure [ Davis] 1451 (De) 

Hydroxyquinolines 

Improving diagnosis of appendicitis: early autologous leuko- 
cyte scanning [De Laney] 1146 (Oc) 

Hypercalcemia 


Subject Index 


Massive extracapsular hemorrhage from parathyroid cyst 
Ph at adi d ted with 2 enlarged 
f imary hype idism associa i 
parathyroid glands [Roses] 1261 (No) 

Strategy in reoperative surgery for hyperparathyroidism 

[Cheung] 676 (Je) 

Hyperparathyroidism 


i h idism associated with 2 enlarged 
a parath id glands Roce 1261 (No) 
ason for failure in parathyroid operations [Levin] 911 


(Au) 
Strategy in reoperative surgery for hyperparathyroidism 
[Cheung] 676 (Je) 


Follow-up of patients with aspirated breast cysts is neces- 
[Hamed] 253; (editorial comment) [Walt] 255 (Fe) 
ed carcinoma in children: results of early detection 
and surgery [Telander)}841 (Jy) 
Medullary thyroid carcinoma: need for early diagnosis and 
total thyroidectomy [Duh] 1206 (Oc) 
Reason for failure in parathyroid operations [Levin] 911 


(Au) 
Hypersensitivity 
Comparison of antibody response with delayed hypersensi- 


tivity in severely injured patients [Hershman] 339 (Mr) 

Hypertension 

Saphenous vein bypass to pedal arteries: aggressive strate- 
gy for foot salvage [Harris] 1232 (Oc) 

Successful reconstruction of late portal vein stenosis after 
hepatic ati rare a {Scantlebury] 503 (Ap) 


H cem 
Bile of endotoximon glucose metabolism in skeletal musele 
- requires presence of plasma [Amaral] 727 (Je) 
Hypophosphatemia 
Severe hypoph temia following institution of enteral 
aye 


feedings [ 1325 (No) 
re 
Cefotetan-associated coagulopathies (letter) [Smith] 388 


(Mr) 
potension 

Arterial mycotic aneurysm and rupture: potentially fatal 
complication of pancreas transplantation in diabetes mel- 
litus [Tzakis] (editorial comment) [Barker] 661 (Je) 

Impact of in-house surgeons and operating room resuscita- 
tion on outcome of traumatic injuries [Hoyt] 906; (editori- 
al comment) [Blaisdell] 910 (Au) 

Hypothermia 

Hepatic ecm | in major hepatic trauma (letter) [Ferguson] 
508, (reply) [Stain] 509 (Ap) 


enic Disease 
i ageal perforation [Flynn] 1211 (Oc) 


Ibuprofen causes reduced toxic effects of interleukin 2 ad- 
a ministration in patients with metastatic cancer [Eberlein] 
ri (My) 


amics of immunoglobulin synthesis after major trauma: 
influence of recombinant oe, ype [Ertel] 1437 (De) 
Glutamine-supplemented total parenteral nutrition im- 
i isidi gut immune function [Burke] 1396 (De) 


omparison of antibedy response with delayed borini 
tivity in severely injured patients [Hershman] 339 (Mr) 

Dynamics of immunoglobulin synthesis after major trauma: 
influence of recombinant lymphokines [Erte] 1437 (De) 


IgM 

r, pA of antibody response with delayed haranen 
tivity in severely injured patients [Hershman] 339 (Mr) 

Dynamics of immunoglobulin synthesis after major trauma: 
influence of recombinant lymphokines [Ertel] 1437 (De) 

Posttraumatic autotransplantation of spleen tissue [Miz- 

i an 863; (editorial comment) [Moore] 865 (Jy) 

s 

Adenocarcinoma eo Beh ileostomy: report of 2 cases and 
review of literature [Roberts] 497 (Ap) 

lieostomy 

Adenocarcinoma arising in ileostomy: report of 2 cases and 
review of literature [Roberts] 497 (Ap) 

ileum 
iagnosis and treatment of duodenoenteric fistulas compli- 
cating Crohn's disease [Lee] 712 (Je) 

Endorectal ileal pullthrough detter) [Braslow] (reply) [Fon- 
kalsrud] 508 (Ap) 

lleus see Intestinal Obstruction 

Iliac Arte 

Closed endarterectomy: seer operation for aortoiliac 
occlusive disease Wi dershoven] 986; (editorial com- 
ment) [Ernst] 990 (Au) 

Iliac arterial transposition | Landreneau] 978 (Au) 

immunity 

Flip side of tumor immunity [Prehn] 102 (Ja) 

Immunogenetics 

Prognostic significance of cellular immunity to autologous 
breast carcinoma and glycoprotein 55 [Black] 202 (Fe) 

Immunoglobulins 

Dynamics of immunoglobulin synthesis after major trauma: 
influence of recombinant lymphokines [Ertel] 1437 (De) 

Immunohistochemistry 

Foregut carcinoid tumor causing Zollinger-Ellison syn- 
drome [Werbel] 381 (Mr) 

Immunosuppression 

Clinical patterns of cytomegalovirus disease after liver 
transplantation [Stratta] 1443 (De) 

Emergency abdominal operations in patient with acquired 
immunodeficiency syndrome [ Burack] 285 (Mr) 

Flip side of tumor immunity [Prehn] 102 (Ja) 

PRanegeroent of general oo complications following 
ca iac transplantation [DiSesa] 539 (My) 

Plasma ultrafiltration as cancer therapy [Wile] 222 (Fe) 

Wound is possible souree of posttraumatic immunosuppres- 
sion [Lazarou] 1429 (De) 

Immunosuppressive Agents 
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Major abdominal complications following cardiac transplan- 
tation [Merrell] 889 (Au) 

Pathogenesis of candidiasis: immunosuppression by cell wall 
mannan catabolites [Podzorski] 1290; (editorial comment) 
[Pruitt] 1294 (No) 

Immunot 

Effect of timimg on lymphokine presentation on generation 
of cytotoxic T lymphocytes [Stringfellow] 81 (Ja) 

Patterns of relapse in 1001 consecutive patients with mela- 
noma nodal metastases [Calabro] 1051 (Se) 

Implants, Artificial 

Breast cancer diagnosis in augmented patient (letter) 
[Brody] 256, (reply) [Silverstein] 257 (Fe) 

Indium 

Effects of biliary obstruction on hepatic clearance of bacte- 
ria [Allen] 973; (editorial comment) [Pruitt] 977 (Au) 

Hemodynamic effects on endothelial cell monolayer detach- 
ment from vascular prostheses [Greisler] 429 (Ap) 

Infant, Newborn 

Delayed presentation of right-sided diaphragmatic hernia 
and group B streptococcal sepsis: 2 case reports and re- 
view of literature | Rescorla] 1083 (Se) 

Primary repair without routine gastrostomy is treatment of 
choice for neonates with esophageal atresia and tracheoe- 
sophageal fistula [Shaul] 1188 (Oc) 


Infection 
Oxidative activity of pormi onuclear leukocytes after 
thermal injury [Dobke] 856 (Jy) 


Percutaneous nephrostomy in management of renal candidi- 
asis [Ortiz] 739 (Je) 

Inflammation 

Common bile duct healing: do different absorbable sutures 
affect stricture formation and tensile strength? [Sharp] 
408 (Ap) 

Effect of dichloroacetate on — and hepatic amino acids 
in sterile inflammation and sepsis [Vary] 1071 ‘Se) 

rs ee aneurysms of abdominal aorta [Moosa] 673 
(Je) 

informed Consent 

Preoperative sone, ed HIV infection: balanced view for 


practicing surgeon [Fournier] 1038 (Se) 

Inguinal Canal 

Hernia uterus inguinale associated with unicornuate uterus 
[Elliot] 872 (Jy 


inguinal Hernia see Hernia, Inguinal 

injuries, Nonpenetrating see Wounds, Nonpenetrating 

Inotropic Agents, Positive Cardiac see Cardiotonic 
Agents 

Inpatients see Patients 

Intensive Care Units 

Leukotriene B, generation in patients with established pul- 
monary failure [Davis] 1451 (De) 

Myocardial contusion: when can diagnosis be eliminated? 
[Miller] 805 (Jy) 

Outcome index: method of quality assurance in specific care 
area [McFee] 825 (Jy) 

Physiologic effects of aep positioning in surgica! intensive 
care unit [Nelson] 352 (Mr) 

Severe hypophosphatemia following institution of enteral 
feedings [Hayek] 1325 (No) 

Interferons 

Mere of natural killer cells in neuroblastoma [Reynolds] 

(Fe) 

Partial hepatectomy augments livers antitumor response 
[Doerr] 170 (Fe) 

Interleukin 2 

Effect of timimg on lymphokine presentation on generation 
of cytotoxic T lymphocytes [Stringfellow] 81 (Ja) 

Ibuprofen causes reduced toxic effects of interleukin 2 ad- 
ministration in patients with metastatic cancer [Eberlein] 
542 (My) 

Interleukins 

Characterization of wound cytokines in sponge matrix mod- 
el [Ford] 1422 (De) 

Influence of natural killer cells in neuroblastoma [Reynolds] 
235 (Fe) 

Internship and Residency 

Fragmentation in general surgery: case of head and neck 
surgery [Friedmann] 1013 (Se) 

Resident hours: only work? [Condon] 1121 (Oc) 

Seldom come by: worthwhileness of career in surgery, pres- 
idential address [Hiebert] 530 (My) 

Training and utilization of surgical physician assistants: 
retrospective study [Brandt] 348; (editorial comment) 
[Kaminiski] 351 (Mr) 

Intervertebral Disk 

Pain on coughing and numbness in sciatica: what exactly do 
these symptoms mean? (letter) [Walk] 751 (Je) 

Intestinal Mucosa 

Effect of eflorithine on intestinal regeneration [Thompson] 


454 

Intestinal Neoplasms 

Detection of cancer-prone colon, using transepithelial im- 
pedance analysis [Davies] 480 (Ap) 

Intestinal Obstruction 

Changing patterns of treatment and survival in neonates 
with meconium ileus [Rescorla] 837 (Jy) 

a Sack tract obstruction in fetus [Langer] 1183 

c 

Simple intestinal obstruction causes bacterial translocation 
in man [Deitch] 699 (Je) 

Intestinal Perforation 

Major abdominal complications following cardiac transplan- 
tation [Merrell] 889 (Au) 

Small-bowel perforation complicating open treatment of 
generalized peritonitis |[Mastboom] 689 (Je) 

Intestine, Small 

Heterotopic ossification within small-bowel mesentery [My- 
ers] 982 (Au) 

Perforation complicating rifampin-associated pseudomem- 
branous enteritis [Miller] 1082 (Se) 

Progress in experimental porcine small-bowel transplanta- 
tion [Kaneko] 587 (My) 

Small-bowel Bebidas complicating open treatment of 
generalized peritonitis [Mastboom] 689 (Je) 
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h 


Cirsoid aneurysms of ejunum: unrecognized cause of mas- 
E vale ast intestinal seeding [Vette 1460 (De) 
l micolectomy for unex 
mass [Riseman] 1043 (Se) peeted cecal 

Glutamine-supplemented total parenteral nutrition im- 

proves gut immune function [Burke } 1396 (De) 

Intraoperative Period see Surgery, Operative 

Irrigation 

Routine intraoperative angioscopy in lower extremity re- 
vascularization [Miller] 604 (My) 

wrote Peritoneal see Peritoneal Lavage 

Ischemia 

Arteriovenous fistulas after cardiac catheterization [Glaser] 
1313 (No) 

Changes in tibial venous blood flow in evolving eompart- 
Sony syndrome [Jones] 801, (editorial comment) [Glover] 

(Jy) 

Lability of steroid hormone receptors following devasculari- 
zation of breast tumors [Ellis] 39 (Ja) 

Limb salvage despite extensive tissue loss: free tissue 
transfer combined with distal revascularization )Cronen- 
wett] 609 (My) 

Role of isolate: | gin ame for treatment of rest pain 
berie fe i ) 

es Celi Tumor, Ulcerogenic see Zollinger-Ellison Syn- 

rome 

Isoelectric Point see Hydrogen-lon Concentration 

isoenzymes 

Myocardial cortusion: when can diagnosis be elimirated? 
[Miller] 805 (Jy) 


isozymes see isoenzymes 
J 
Japan 
Isolated regional perfusion in treatment of subungual mela- 


noma [Baas] 373; (editorial comment) | Leffall] 376(Mr) 

Jaundice 

Effective hepatic blood flow during cardiopulmonarwbypass 
[Hampton] 458 (Ap) 

Percutaneous transhepatic cholangiography and biliary de- 
compression: invasive, diagnostic, and therapeutic proce- 
dures with too high a price? [Sirinek] 885 (Au) 

Selective vs routine use of intraoperative Cee 
argument [Pasquale] 1041; (editorial comment) [Her- 
mann] 1042 (Se) 

Jaundice, Cholestatic see Cholestasis 

Jaundice, Mechanical see Cholestasis 

Jaundice, Obstructive see Cholestasis 

Jejunostomy 

Analysis of reduced morbidity and mortality rates after 
pancreaticoduodenectomy (Pellegrini) 778 (Jy) 

Intrahepatic chclangiojejunostomy as palliative procedure 
in primary sclerosing cholangitis (Goldenring] 565 (My) 

Pancreatic cystocholedochostomy: first report of case 
[Thompson] 1243 (No) 

Jejunum 

Cirsoid aneurysms of jejunum: unrecognized cause ef mas- 
sive gastrointestinal bleeding [Vetto] 1460 (De) 

Gastric surgery for morbid obesity: complications and long- 
term weight control [ Yale] 941 (Au) 

Microvascular free-tissue transfer: Atlanta Veterans Ad- 
ministration Medical Center experience [Carlson] 438 


(Ap) 

Perforation comipncnre rifampin-associated pseudemem- 
branous enteritis [Miller] 1082 (Se) 

ior eye of achalasia: current perspective [Sauer] 929 
(Au) 


K 


K Cells see Killer Cells 

6-Ketoprostaglandin F1 Alpha 

Biochemical adaptation of venous patches placed in carctid 
circulation [Govostis] 490 ee 

Evaluation of prostacyclin production by human gallbladder 
[Kaminski] 277 (Mr) 

Kidney 

Spontaneous renal rupture in pregnancy (letter) [Izumoto] 
389 (Mr) 

Terminal loop cutaneous ureterostomy in cadaveric kidrey 
transplantation[{Garrison] 467 (Ap) 

Kidney Failure, Chronic 

Terminal loop cutaneous ureterostomy in cadaveric kidney 
transplantation [Garrison] 467 (Ap) 

Kidney Neoplasms 

Sagn — carcinoma: what is sufficient? [Benson] TI (Ja) 

er Cells 

Ibuprofen causes reduced toxic effects of interleukin 2 ad- 
ministration in patients with metastatic cancer [Eberlen] 
542 (My) 

Influence of natural killer cells in neuroblastoma [ Reynelds] 
235 (Fe) 

Natural killer sensitivity of colorectal carcinoma targets: 
correlation with degree of differentiation { Bagli] 89 (Ja) 

Kupffer Cells 

Kupffer's cell cytocoxicity to hepatocytes in coculture re- 
quires ; -arginine [Billiar] 1416 (De) 


L 
Lacate Dehydrogenase 
Evaluation of staging workup in malignant melanema 
{Khansur] 847 (Jy) 
Laparotomy 


Cholecystokinin augmentation of ‘surgical’ pancreatitis: 
benefits of receptor blockade [Modlin] 574 í My) 

Computed tomography and diagnostic peritoneal lavage in 
blunt abdominal trauma: their combined role [Kearney] 
344; (editorial comment) [Moore] 347 (Mr) 

Concomitant cholecystectomy for asymptomatic cholelithia- 
sis [Bragg] 460 (Ap) 

Emergent endoscopic retrograde cholangiopancresto- 
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Recombinant human tumor necrosis factor produces hemo- 
ngee changes characteristic of sepsis and endotoxemia 
[Sehirmer] 445 (Ap) 

Thoracic Outlet Syndrome 

Rudimentary first rib: cause of thoracic outlet syndrome 
with arterial compromise [Baumgartner] 1090 (Se) 

Snapping scapula in association with thoracic outlet syn- 
dreme [Wood] 1335; (editorial comment) [Roos] 1337 (No) 

Thoracic Surgery 

Epidural anesthesia in patients undergoing thoracic sur- 
gery [Temeck] 415 (Ap) 





Thoracostomy 

Catheter aspiration for simple pneumothorax: experience 
with 114 patients [Delius] 833; (editorial comment) | Ra- 
binowitz] 836 (Jy) 

Thoracotomy 

Patterns of recurrence after resection of osteosarcoma of 
extremity: strategies for treatment of metastases Huth] 
122 (Ja) 

Thorax 

Local recurrert mammary carcinoma failing multimedality 
therapy: solution [McCormack] 158 (Fe) 

Threonine 

Effect of dichloroacetate on plasma and hepatic amino acids 
in sterile inflammation a sepsis [ Vary] 1071 (Se) 

Thrombin 

Fibrin glue achieves hemostasis in patients with coagulation 
disorders [Kram] 385 (Mr) 

Thrombocytopenia 

a ory aa Oi coagulopathies (letter) [Smith] 388 
(Vir) 

Splenectomy: treatment of choice for human immunodefi- 
ciency virus-related immune thrombocytopenia? | Ravi- 
kumar] 625 (My) 

Thromboembolism 

Preliminary clinical experience with titanium Greenfield 
vena caval filter [Greenfield] 657 (Je) 

Thrombolytic Agents see Fibrinolytic Agents 

Thrombophiebitis 

Duplex venous scanning for prospective surveillance oñper- 
ioperative venous thrombosis (Flinn) 901 (Au) 

Use of triplex scanner in diagnosis of deep venous thrombo- 
sis [Persson] 593 (My) 

Thrombopoietin see Glycoproteins 

Thrombosis 

Clinical experience with regional pancreatectomy for adeno- 
carcinoma of pancreas [Sindelar] 127 (Ja) 

Massive i pray a edema following forearm fistula: 
cause and treatment with salvage of fistula (letter) [Raja- 
goplan] 636 (My) 

Plasma polymerized tetrafluoroethylene/polyethylene tere- 
phthalate vascular prostheses [Greisler] 967; (editorial 
comment) [ Dardik) 972 (Au) 

Selective management of nonocclusive arterial injuries 
[Stain] 1136 (Oc) 

Successful reconstruction of late portal vein stenosis after 
hepatic transplantation [Scantlebury ] 503 (Ap) 

Treatment of Paget-Schroetter syndrome: staged, multidis- 
ciplinary approach [Kunkel] 1153 (Oc) 

Thrombosis Venous see Thrombophiebitis 

Thromboxane A2 

Biochemical adaptation of venous patches placed in carotid 
circulation [Govostis} 490 (Ap) 

Thromboxane Poke tor blockade and prostacyclin in por- 
cine Escherichia coli shock [Svartholm] 669 (Je) 

Thromboxane B2 

Biochemical! adaptation of venous patches placed in carotid 
circulation [Govostis] 490 (Ap) 

Thyroid Neoplasms 

Clarifying role of fine-needle aspiration cytologic evaluation 
and frozen section examination in operative management 
of thyroid cancer [Kopald] 1201 (Oc) 

Current results of treatment of well-differentiated thyroid 
oe [Wood j 1374: (editorial comment) [Reeve] 1377 
(De) 

Medullary carcinoma in enildren: results of early detection 
and surgery (Telander] 841 (Jy) 

Medullary thyroid carcinoma: need for early diagnosis and 
total thyroidectomy [Duh] 1206 (Oc) 

Thyroid cancer with coexistent Hashimoto's thyroiditis: 
clinical assessment and management (Eisenberg) 1045 
(Se) 

Thyroidectomy 

Clarifying role of fine-needle aspiration cytologic evaluation 
and frozen section examination in operative management 
of thyroid cancer [Kopald_ 1201 (Oc) 

Current results of treatmert of well-differentiated thyroid 
carcnonie [Wood] 1374; (editorial comment) [Reeve] 1377 
(De) 

Medullary carcinoma in children: results of early detection 
and surgery [Telander] 841 (Jy) 

Medullary thyroid carcinoma: need for early diagnosis and 
total thyroidectomy [Duh] 1206 (Oc) 

Thyroiditis, Autoimmune 

Thyroid cancer with coexistent Hashimoto's thyroiditis: 
_ assessment and management [Eisenberg] 1045 
(Se) 

Tibia 

Changes in tibial venous blood flow in evolving compart- 
ment syndrome [Jones] 801, (editorial comment) [Glover] 
804 (Jy) 

Neutropenia complicating parenteral antibiotic treatment 
of infected nonunion of tibia [McCluskey ] 1309 (No) 

Timed Vital Capacity see Forced Expiratory Flow Rates 

Tissue Donors 

Stratifying causes of death in liver transplant recipients: an 
approach to improving survival [Shaw ] 895 (Au) 

Tissue Survival 

Limb salvage despite extensive tissue loss: free tissue 
transfer combined with distal revascularization [Cronen- 
wett] 609 (My) 

Tissue-Type Plasminogen Activator see Plasminogen 
Activator, Tissue-Type 

Titanium 

Preliminary clinical experience with titanium Greenfield 
vena caval filter [Greenfield] 657 (Je) 

Tobramycin 

Enhanced effectiveness of intraperitoneal antibiotics ad- 
ministered via liposomal carrier [Price] 1411 (De) 

Tochopherol see Vitamin E 


Toes 

Isolated regional perfusion in treatment of subungual mela- 
noma [Baas] 378; (editorial comment) [Leffall] 376 (Mr) 

Tomography, Emission Computed 

Scar or recurrent rectal cancer: pos:tron emission tomogra- 
phy more helpful for diagnosis than immunoscintigraphy 


Subject Index 1487 


il 


[Schlag] 197 (Fe: 
Tomography, Ultrasonic see Ultrasonic Diagnosis 
Tomography, X-Ray Computed f 
Computed tomography and diagnestic peritoneal lavage in 
blunt abdominal traama: their combined role [Kearney] 
344; (editorial comment) [Moere] 347 (Mr) 
Emergent endoscopic py digi cholangiopancreato- 
hy: highly speeific test for acute pancreatic trauma 
Hayward] 745 (Je) 
Evaluation of staging workup in malignant melanoma 
(Khansur] 847 (Jy) 
Hepatic resection formmetastases from colorectal carcinoma 
is of dubious value [Silen] 1021 (Se) 
Intra-abdominal injury following blunt trauma: identifying 
on Sod ca using objectrve risk factors [Mackersie] 
(Jy) 


Intra-abdominal recurrence cf colorectal cancer detected by 
> ae athe aces surgery (RIGS system) [Sardi] 55 
(Ja) 

Pancreatic cystadewoma: clinicopathologic study [Corbally] 
1271 (No) 

Percutaneous cholecystostomy in diagnosis and treatment 
r acute cholecystitis in high-risk patient [Werbel] 782 
(Jy) 

Primary aortoduodenai fistula: diagnosis by computed to- 
mography [Ibrahim]870 Jy) 

gee of hepatie metastases. another view [Adson] 1023 
(Se) 

Selective nonoperative management of blunt splenic trauma 
in adults [Elmore] 5381 (My) 

Splenic injury during colonoscopy [Gores] 1342 (No) 

Staging renal carcinoma: what is sufficient? [Benson] 71 (Ja) 

Tracheoesoph Fistula 

Primary repair without routine gastrostomy is treatment of 
choice for necwates with er atresia and tracheoe- 
sophageal fistula [Shaul] 1188 (Oc) 

Transplantation 

Anastomotic tensile-strength following in situ replacement 
of infected abdominal aortic [ Vetsch] 425 (Ap) 

ae treatment prevents a) necrosis and enhances 

ermal regeneration in rabbits [Höckel] 693 (Je) 

Arterial mycotic aneurysm and rupture: potentially fatal 
complicatiomef pancreas transplantation in diabetes mel- 
litus [Tzakis) 660; (editorial comment) [Barker] 661 (Je) 

Clinical patterns of eytomegalovirus disease after liver 
tran ion [Stratta] 1443 (De) 

Experimental aortic replacement with vascularized tissue 
graft [Coltharp] 1331 (No) 

Flip side of tumorimmunity [Prehn] 102 (Ja) 

Function of pancreas allografts more than 1 year following 
transplantation [Wright | 796 (Jy) 

ie a a during first 12 years of life [Bailey] 

221 (Oc) 

Hemodynamic effects on endothelial cell monolayer detach- 
ment from vascular prostheses [Greisler] 429 (Ap) 

Lung transplantation: Samuel Jason Mixter lecture [Pear- 
son] 535 (My) 

Major abdominal complications following cardiac transplan- 
tation [Merrell] 889 (Au) 

Management of general surgical fea following 
eardiac transplantation [Dit sa] 539 (My) 

Mwvrovascuiar ‘ree-tissue transfer: Atlanta Veterans Ad- 
munistration Medical Center experience [Carlson] 438 
(Ap) 

Primary cancer of bver: evaluation, treatment, and progno- 
sis (McDermott ] 552 (My) 

Progress m experimental porcine small-bowel transplanta- 
tuon | KRapeko) 587 (My) 

Stratifyimg causes of death in liver transplant recipients: an 
approach to improving survival [Shaw] 895 (Au) 

Suceesstul reconstruction of late portal vein stenosis after 
hepatic transplantation [Scantlebury } 503 (Ap) 

Terminal loop cutaneous ureterostomy in cadaveric kidney 
transplantation [Garrison] 467 (Ap) 

Transplantation. Autologous 

Posttraumatic autotransplantation of spleen tissue [Miz- 
rahi! 563; \editorial comment) [Moore] 865 (Jy) 

Splenosis: cause of massive gastrointestinal hemorrhage 
(Basie) 1087 (Se) 

Transpiantation, Heterologous 

Recombinant human tumor necrosis factor alone and with 
chemotherapeutic agents: effect of nude mouse-support- 

ed human bladder cancer heterografts [Das] 107 (Ja) 

Triglycerides 

Cacheetin activity in serum of cachectic, tumor-bearing rats 
[Stowroff] 94 (Ja) 

Tuberculostatic Agents see Antitubercular Agents 

Tumor Cells, Cultured 

ow liver metastasis: implications of clonal pro- 
c Baa and organ specificity [Ravikumar] 49 (Ja) 

Tumer Syndrome 

Natural killer sensitivity of colorectal carcinoma targets: 
correlation with degree of differentiation (Bagli] 89 (Ja) 

Tumor Necrosis Factor 

Cachectin activity in serum of cachectic, tumor-bearing rats 
[Stovroff} $4 (Ja) 

C rization of wound cytokines in sponge matrix mod- 
el [Ford] 1422 (De) 

Endotoxin telerance is associated with reduced secretion of 
tumor necrosis factor [Sanchez-Cantu] 1432 (De) 

Recombinant human tumor necrosis factor alone and with 
ehemotherapeutic agents: effect of nude mouse-support- 
ed human bladder cancer heterografts [Das] 107 (Ja) 

Recombinant human tumor necrosis factor produces hemo- 
[ 


iech characteristic of sepsis and endotoxemia 
Schirmer] 448 cap) 


Tumor necrosis factor induces adult respiratory distress 
syndrome in rats [Ferrari-Baliviera] 1400 (De) . 
Tumor Staging see Neoplasm Staging 


U 


Uicer 
Local recurrent mammary carcinoma failing multimodality 


therapy: solution [McCormack] 158 (Fe) 
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Squamous cell carcinoma arising ix previously burned or 
irradiated skin [Edwards] 115 (Ja 


Ultrafiltration 
Plasma ultrafiltration as cancer therapy [Wile] 222 (Fe) 
Ultrasonic Diagnosis 


Biliary lithotripsy: determination of stone fragmentation 
success and potential tissue injury an swine [Deaconson] 
916 (Au) 

Delayed formation of gallstones afverzranscatheter arterial 
embolization for hepatocellular ear inoma: is elective cho- 
oean. advisable during hepatectomy? [Jeng] 1319 
(No) 

Duplex venous scanning for prospective surveillance of per- 
ioperative venous thrombosis [7 lien] 901 (Au) 

Gallbladder response to enteral lids in injured patients 
[Merrell] 301 (Mr) 

Less is better: diagnostic workup ef patient with obstruc- 
hy pose {Olen} 791; (editeri.] comment) [Hermann] 

95 (Jy) 

Percutaneous cholecystostomy n «iagnosis and treatment 
A acute cholecystitis in high-risk patient [Werbel] 782 
(Jy) 

Percutaneous transhepatic ultrasonic cholelithotripsy [Das] 
747; (editorial comment) | Nalrwold] 748 (Je) 

Risk factors for acute pancreatiti: in patients with migrat- 

ing gallstones [Oría] 1295 (Nə) 

Use of bacential B-mode ultmasenography to manage ab- 
dominal aortic aneurysms (Etter) Gebcson! (reply) [Lit- 
tooy ] 1463 (De) 

Use of sequential B-mode ultrasonography to manage ab- 
dominal aortic aneurysms | Wit ooy] 419 (Ap) 

Use of triplex scanner in diagaosss of deep venous thrombo- 
sis [Persson] 593 (My) 

Ultrasonography see Ultrasomc Diagnosis 

United States 

Cancer centers— origins andpurpose: James Ewing lecture 
{Shingleton] 43 da 

Veterans Administration and surgical education in United 
States [Guernsey] 407 (A 

United States Veterans Administration 

Veterans Administration amd -urgical education in United 
States [Guernsey] 407 (A») 

Urea 

Determinants of urea nitrogen production in sepsis: muscle 
catabolism, total parentera nutrition, and hepatic clear- 
ance of amino acids [Pittwu"i} 362 (Mr) 

Ureter 

Terminal loop cutaneous ure*erostomy in cadaveric kidney 
transplantation [Garrisen]467 (Ap) 


Uterine Muscle see Myome-rium 
Uteroglobin see Glycoproteins 
vV 
Vagina 
Hernia uterus inguinale associated with unicornuate uterus 
[Elliot] 872 (Jy 
Vancomycin 


What's in a name? is rretkicillin-resistant Staphylococcus 
aureus just another 5 aureus when treated with vanco- 
mycin? [McManus] 1456 De) 

Vascular Diseases 

Use of arm veins for earainguiie bypass in end-stage pe- 
ripheral vascular diseas [Balshi] 1078 (Se) 

Vascular Graft Occlusioa see Graft Occlusion, Vascular 

Vascular Patency 

Closed orara Jreferred operation for aortoiliac 
occlusive disease [Wildershoven] 986; (editorial com- 
ment) [Ernst] 990 (au? 

Saphenous vein bypass tə pedal arteries: aggressive strate- 
gy for foot salvage [Harris] 1232 (Oc) 

Use of arm veins for roe ES bypass in end-stage pe- 
ripheral vascular disease [ Balshi] 1078 (Se) 

Vascular Prosthesis see Blood Vessel Prosthesis 

Vascular Surgery 

Anastomotic tensile strength following in situ replacement 
of infected abdomina’ aortic graft [Vetsch] 425 (Ap) 

Hemodynamic effec: s an endothelial cell monolayer detach- 
ment from vascular prostheses [Greisler] 429 (Ap) 

Iliac arterial transpesi7ion [Landreneau] 978 (Au) 

Limb salvage despite extensive tissue loss: free tissue 
transfer combined with distal revascularization (Cronen- 
wett] 609 (My) 

Microvascular free-ti>sue transfer: Atlanta Veterans Ad- 
eae Medici] Center experience [Carlson] 438 
(Ap) 

Routine intraoperative angioscopy in lower extremity re- 
vascularization "Miler) 604 (My) 

Vater's Ampulla 

Analysis of redueed morbidity and mortality rates after 

ancreaticodualexectomy [Pellegrini] 778 (Jy) 

Velocimeters see Fowmeters 

Velocity Meters see Flowmeters 

Vena Cava, Infesior 

Preliminary climca experience with titanium Greenfield 
vena caval filter [ sreenfield] 657 (Je) 

Vena Cava, Superbr 

Preliminary clinical experience with titanium Greenfield 
vena caval filter SGreenfield] 657 (Je) 

Venesection see Bloodletting 

Venipuncture see Bloodletting 

Lente ip = see Ph raphy 

Venous Thrombcsis see Thrombophiebitis 

Ventilation, Autiffial see Respiration, Artificial 

Ventilation, Mechanical see Respiration, Artificial 

Ventilation-Perfe sion Ratio 

Physiologic eftecs of steep positioning in surgical intensive 
care unit [Nelson] 352 (Mr) 

Ventricular F brillation 

Median stern»tomy for implantable cardioverter/defibrilla- 
tor [Blakemar 1065 (Se) 

ns 

Recent trends in management of incisional herniation 
[Read] 4854 Ap) 

Veterans Hcsprtals see Hospitals, Veterans 


Viscera 

Recent experience with thoracoabdominal aneurys: 
[Cambria] 620 (My) 

Visnadin see Benzopyrans 

Vital Capacitiy, Timed see Forced Expiratory Fioy 

Vitamin B Deficiency 

Vitamin peeves in patients with carpal tunnel sy 


[Fuhr] 1329 (No) 
Vitamin B 6 see Pyridoxine 
Vitamin E 4 


Antioxidants vs carotenoids: inhibitors or promote! 
perimental colorectal cancers [Colacchio]} 217 (Fe) 

Incidence of decreased red blood cell deformability i 
and association with oxygen free radical damage a 
tiple- system organ failure [Machiedo] 1386 (De) 

Vivisection 

Anti-antivivisection: Have we waited too long? [H 
1366 (De) 

Volvulus Stomach see Stomach Volvulus 


WwW E 


Warren, W Dean (1924-1989) | 
W Dean Warren, MD: October 28, 1924-May 10, 198! 
ary [Zoppe ]; (editorial comment) [Organ] 767 (Jy) 

Weight Gain 

Gastric surgery for morbid obesity: complications ar 
term weight control [Yale] 941 (Au) 

Western Surgical Association 

Papers read before 96th annual meeting of Western S 

ssociation, San Diego, Calif, Nov 14-16, 1988, ' 
(Jy); 885-941 (Au) 

Wet Lung see Respiratory Distress Syndrome, Ac 

Wistar Rats see Rats, Inbred Strain 

Wound Healing 

Characterization of wound cytokines in sponge matri 
el [Ford] 1422 (De) 

Wound is possible source of posttraumatic immunost 
sion | Lazarou] 1429 (De) 

Wound Infection 

Debridement of wounds with Dakin’s solution (letter: 
fensperger, Barese] (reply) [Kozol] 133 (Ja) 

Excision of burn wound in patients with large 
[McManus] 718 (Je) 

Wounds and Injuries 

Cardiac contusion: effect on operative management 
tient with trauma injuries [Ross] 506; (editorial cor 
{Soutter] 507 (Ap) 

Determinants of urea nitrogen production in sepsis: 
catabolism, total parenteral nutrition, and hepatii 
ance of amino acids [ Pittiruti] 362 (Mr) 

Dynamics of immunoglobulin synthesis after major t 
influence of recombinant lymphokines [Ertel] 1437 

Emergent endoscopic Rroprede cholangiopan 

phy: hi a specific test for acute pancreatic | 
aardi TA (Je) 

Excision of burn wound in patients with large 
[McManus] 718 (Je) 

Hemostasis of solid viscus trauma by intraparenchy; 
jection of fibrin glue [Hauser] 291 (Mr) 

Hepatic packing in major hepatic trauma (letter) [Fer 

, (reply) [Stain] 509 (Ap) 
Management of pancreatic fistulas [Martin] 571 (My) 
y aAa of trauma reimbursement [Shapirc 


c 

Oxidative activity of polymorphonuclear leukocyte: 
thermal injury [Dobke] 856 (Jy) 

Pancreatic transection: concept of evolving injury [ 
1093 (Se) 

Selective management of nonocclusive arterial i) 
[Stain] 1136 (Oc) 

Squamous cell carcinoma arising in previously bur 
irradiated skin [Edwards] 115 (Ja) 

Treating trauma patient [Blaisdell] 1122 (Oc) 

Wounds, Nonpenetrating 

Computed tomography and diagnostic peritoneal lay 
blunt abdominal trauma: their combined role [Ke 
344; (editorial comment) [Moore] 347 (Mr) 

Impact of in-house surgeons and operating room res 
tion on outcome of traumatic injuries [Hoyt] 906; (e 
al comment) [Blaisdell] 910 (Au) 

Intra-abdominal injury following blunt trauma: ideni 
aon patient using objective risk factors [Mac] 

y 


Posttraumatic autotransplantation of spleen tissue 
rahi] 863; (editorial comment) [Moore] 865 (Jy) 

Selective nonoperative management of blunt splenic t 
in adults [Elmore] 581 (My) 

Wounds, Penetrating 

Impact of in-house surgeons and operating room resi 
tion on outcome of traumatic injuries [Hoyt] 906; (e 
al comment) [ Blaisdell] 910 (Au) 


X 
Xenograft see Transplantation, Heterologous 
Y 


Yttrium 

Prolongation of survival of nude mice bearing huma’ 
cancer: treatment with yttrium 90-labeled anti- 
oembryonic antigen antibody [Hyams] 175 (Fe) 


Z 


Zollinger-Ellison Syndrome 

Foregut carcinoid tumor causing Zollinger-Ellis:. 
drome [Werbel] 381 (Mr) 

Zymosan is 

Derioeee of bacteria-independent model of ui “4 
gan failure syndrome [Steinberg] 1390 (De) 

Recombinant human tumor necrosis factor produces 
dynamic changes characteristic of sepsis and end %t 
[Schirmer] 445 (Ap) 
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@ No matter 
what blood 
type you or your 
employees are, if 

you re donors, 
you re the types 
this world can't 
live without. 
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Red Cross 
Chapter for 
details. 
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INFORMATION 


Regular Classified 1Time 3 Times 

or more* 
Cost per werd $1.60 $1.45 
Minimum 29 words. per issue 


"In order to earn the three-time rate, your ad must be placed 
and prepaid at the same time for three or more issues 


Counting Words: Two initials are considered 
one word, each abbreviation is considered 
one word, and figures consisting of a dollar 
sign and five numerals or less are considered 
one word. Cities and states consisting of two 
| words or more are counted as one word: i.e., 
“New York" and “Salt Lake City.” Zip code is 
considered one word and must appear in all 
ads. Telephone number with area code is 
considered one word. When box numbers are 
used for replies. the words “Box ———— , C/o 
AOS" are to be counted as three words. 


Classified Display 1 Time 3 Times 
Full page $1,390 $1,209 
Two-thirds page 1,184 1,030 
One-half page 973 847 
One-third page 767 668 
One-sixth page 354 308 
Column inch 75 65 


Minimum display ad: one column inch 
12-time rate available on request. 


Display Production Charge: The publication 
will pub-set advertisements upon request. 
The typesetting fee is 10% of the one-time ad 
cost shown above. Special requests will be 
billed to the advertiser and/or agency at the 
then prevailing rates. 


Box Service 


Available for all ads. The cost is $10.00 for the 
first issue Only. Responses to your ad will be 
consolidated in our office and promptly 
mailed directly to you. 


Closing Date 


The 25th of the second month prior to issue 
date Example: The November issue closes 
September 25th. No ads can be cancelled 
after the closing date. 


Send all copy, correspondence, production 
materials and payments to: 


surgery 


Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 


Fer assistance with your ad schedule call toll free: 


National 800-237-9851 
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Professional Opportunities 


GENERAL/VASCULAR SURGEON with vascular 
fellowship to join three sargeons in practice of 
general, vascular and thoracic surgery in southern 
New Jersey, close to Philadelphia and shore points. 
Benefits and salary leadirg © partnership opportun- 
ity. Send CV to: Box #903, 2/o AOS. 





GENERAL SURGEON to jcin two university trained 
general surgeons in midwestern community of 
100,000. Busy practice with active involvement in 
level ll trauma center, at modern, 400 plus bec hos- 
pital with many subspecialists. Available immediately 
or July 1990. Reply: Box #906, c/o AOS. 


ORTHOPEDIC SURGECN for Oberlin, Ohio multi- 


specialty group to seme growing patient load. 
Northern Ohio college tewn serving drawing area 
275,000. Salary first year with full shareholder status 
available thereafter. Sena CV to: Dr. VanDyke, 224 
West Lorain, Oberlin OF 44074. 


EASTERN KENTUCKY — Community with 56-bed, 
JCAHO hospital near Lexington in need of general 
surgeon. Friendly community in beautiful rolling 
hills offers the ultimate im family enjoyment with an 
opportunity for excebert practice. Excellent refer- 
rals from local staff. F nancial package available 
with reimbursed expenses. For more information, 
call or write: Jeff Harlire, Search Consultant, 5000 
Linbar Drive, Suite 250 Nashville. TN 37211. (800) 


ORTHOPAEDIC SURSEONS/general, spinal and 
pediatric — Busy twc-man orthopaedic group seeks 
BE/BC general orthopaedic surgeon and either spi- 
nal or pediatric sutspecialist to begin as soon as 
possible. Excellent qpportunities with booming 
practice. Adjacent FT affiliation. Large referral base 
Superb compensatiormand benefits package includ- 
ing signing bonus, Guaranteed base salary with pro- 
ductivity incentives Al overhead covered by group 
Send CV to: Physicar Recruiter, Mid-South Ortho- 
paedic Clinic, 850 Fidge Lake Boulevard, Suite G02, 











versity trained, general surgeons in Mansfield, Ohio 
Busy practice limit to general surgery in modern 
350-bed hospital wita many subspecialists. Partici- 
pation in Ownersnip starts after one year salary 
package. Mansfield is a community of approxi- 
mately 75,000 anc a wonderful place to raise a fam- 
ily. Reply: Box #992 c/o AOS. 


THE OWATONNA CLINIC, P.A. is looking for a 
board-eligible/bcard-certified orthopedic surgeon 
to join a progressie, 21-physician member, multi- 
specialty group m Minnesota. Specialty areas cur- 
rently include family practice, general internal med- 
icine, general surgery, OB/GYN, dermatology and 
pediatrics. Community includes an economic base 
which is 70% incustrial rather than agricultural, and 
has a population ef 21,000 with a drawing area of 
40,000 plus. We neve a very extensive benefit pack- 
age including heelth, life, individual disability in- 
surance, as wellas profit sharing, 401-K Plan, along 
with other stancamd benefits. An incentive program 
for the high producer exists, along with partnership 
after one year ene a willingness to provide an ade- 
quate guarantee or the first year. Please contact: 
Dr. Ed Durst, President, or Terry Tone, Administra- 
tor at the Owatonna Clinic, P.A., 134 Southview, 
Owatonna, MN 55060. Or call collect at: (507) 
451-1120. 


WANTED: Boerc-eligible or board-certified general 
surgeon with supspecialty in vascular surgery to 
join a three persen surgical practice in upstate New 
York. Send CV to: Surgical Associates, P.C., 161 
Riverside Drive, Singhamton, NY 13905. 
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Professional Opportunities 


PACIFIC NORTHWEST — Group Health Cooper 
tive of Puget Sound, a 370,000-member preps 
group practice, currently has positions available 

general and vascular surgeons. Referral only pre 
tice in a multi-specialty organization. To ingu 
write to: Manager of Medical Staff Personnel, : 

Wall Street, Seattle, WA 98121. 


EASTERN MAINE — BC/BE solo general surg 
position with cross coverage in rural commur 
forty minutes from educational and cultural ce’ 
and major university. Affiliated with 44-bed c‘ 
munity hospital. Competitive net salary guarar- 
and benefit package. Enjoy Maine's pristine la 
and mountain vistas. Please send CV to: N 
England Health Search, 63 Forest Avenue, Oro 
ME 04473; or call: (207) 866-5680 or (207) 866-56 


GENERAL SURGEON: Surgical group seeki 
BC/BE, university trained associate. PV fellows 
or extensive experience required. Complete ne 
invasive laboratory. Beautiful rural setting. T 
hours from New York City. Send reply to: E 
ANNSD, J.B. Lippincott Company, East Washing 
Square, Philadelphia, PA 19105. 


Trauma Director & 
Assistant Director of Surgery 


San Joaquin General Hospital, a university affi 
iated teaching hospital, seeks a trauma surgeon t 
direct trauma program development. In additior 
the individual would serve as Assistant Director ¢ 
Surgery for the Surgery Residency Progra 
Applicants must be board-certified or boa, 
eligible. Vascular surgery training or experiet 
would be beneficial. Responsibilities inclu! 
patient care, teaching surgical residents ar 
administration. Excellent financial package Ser 
all inquiries and CV to 


Nathan M. Matolo. MD 
Chairman, Department of Surgery 
SAN JOAQUIN GENERAL HOSPITAL 
P.O. Box 1020, Stockton, CA 95201 
(209) 468-6600 







ORTHOPEDIC SURGEON — Needed for 78: 
JCAHO hospital. We are growing and we nee 
enlarge our specialty staff. Just opened new ca 
treatment center. 12,000 community, 90,000 | 

diate service area. 160,000 catchment area. C 
outdoors area, cattle, oil, gas, hunting, fishing, © 
schools, low crime, ideal area for raising child 
Reasonable malpractice rates. Send CV to: Ma: 
Bryan, Community Hospital, P.O. Box 2339, 
City, OK 73648. (405) 225-2511 


GENERAL SURGERY: BC surgeon seeks pa 
for busy practice located in beautiful city 
looking the Mississippi. New hospital with CT, 
Gorgeous wooded area, abundant wildlife 
schools, located between two premier metro a: 
Guarantee + bonuses = six figure first year inc 
Early partnership. Call or mail CV: Julie Shs 
10955 Granada #203, Overland Park, KS & 
(800) 533-0525. 










ATTENTION PHYSICIAN RECRUITERS 
“Classified Advertising’ sections now in al 
AMA Specialty Journals target the physicia 
want. These highly visible sections put 
message in the hands of every specialist that 
fies for your professional opportunity, every n 
To place the ad of your choice, any size, £ 
free: (800) 237-9851; or in Florida (800) 553 + 





PLEASE NOTE— Address replies to box nu: 
ads as follows: Box number, , C/o Fa 
P.O. Box 1510, Clearwater, FL 34617. 
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KAISER PERMANENTE 
Good People Good Medicine 


NORTH 
CAROLINA 


iser Permanente has practice oppor- 
tities available for BC/BE general 
geons in our Durham/Chapel Hill 
i Raleigh medical offices. 


cellent salary and benefits include 

_ ofessional liability and medical cover- 

œ, paid vacation and sick leave, holi- 

ys, continuing education, retirement 
and shareholder opportunity. 


rect letter of introduction and cur- 
eeulum vitae to: 
Phyllis M. Kline 
Physician Recruitment 
Coordinator — ARS 


CAROLINA PERMANENTE 
MEDICAL GROUP, P.A. 
3120 Highwoods Boulevard 
Raleigh, NC 27604-1018 


or call: 


(800) 277-CPMG or 
(919) 878-5874 


Affirmative action/equal 
opportunity employer. 





URGICAL ONCOLOGY 
EARCH FELLOWSHIP 


UNIVERSITY OF 
PENNSYLVANIA 


‘ailable July 1, 1990. Candidates 

ould be residents in training or 

ve completed training in general 
= rgery or surgical subspecialties. 





Call or write: 


John M. Daly, MD, Chief 
Mivision of Surgical Oncology 
Hospital of the University 
of Pennsylvania 





UNIVERSITY OF PENNYSLVANIA 
3400 Spruce Street 
Philadelphia, PA 19104 
(215) 662-7866 
Deadline for application: 
January 31, 1990 


An affirmative action/ 
qual opportunity employer 























Professional Opportunities 


GENERAL SURGEON needed for a 50-bed, com- 
munity hospital located in West Liberty, Kentucky. 
The hospital has an excellent operating suite along 
with modern equipment and trained staff. Excellent 
starting salary available with fringe benefits. Inde- 
pendent practice terms also available. Beautiful 
lakes, parks and recreational opportunities abound. 
Contact: Appalachian Regional Healtncare, Atten- 
tion: Mr. Gary J. Smock, P.O. Box 8085, Lexington, 
KY 40533. (606) 281-2440 or (800) 888-7045. 


White Mountain Surgical Specialists 


Rural 
Mountain Resort 
Practice 

BC/BE general surgeon to 

join busy general surgery 
practice in rural Arizona 
resort community. Beautiful 
White Mountains offer four 


season recreational 
opportunities. 


Practice includes broad 
spectrum of general surgery 
including critical care, 
trauma care and surgical 
endoscopy. 


Please send CV to: 


WHITE MOUNTAIN 
SURGICAL SPECIALISTS 


Attention: Office Manager 
Wagon Wheel Plaza 
Route 2, Box 1740 
Lakeside, AZ 85929 


BC/BE GENERAL SURGEON position available 
with a nine-physician, multi-specialty group prac- 
tice. Located in eastern Montana alone the Yellow- 
stone River Valley. Excellent financial package plus 
all the advantages of a rural life style yet accessible 
to a large city’s attractions. Send CV to: Welsey 
Wills, Administrator, Garberson Clinic, 2200 Box 
Elder, Miles City, MT 59301. 


TUSKEGEE, ALABAMA: VA Medical Center has a 
vacancy for a pulmonologist. Must be a citizen or 
possess permanent immigrant visa. Must be board- 
certified or board-eligible. Excellent weather. Salary 
ranges from $75,000 to $91,000 depending on quali- 
fications and experience. Tuskegee VA Medical 
Center is an equal opportunity employer. Contact: 
Chief of Staff (205) 727-0550, Extension 3645. 


NORTH CAROLINA — BC general surgeon to 
replace retiring partner. Practice 20% orthopedics. 
60-bed modern hospital. Reply: Box #904, c/o AOS. 






PLASTIC SURGEON — BC/BE to join main branch 
of thirty-five physician multi-specialty group. Excel- 
lent clinic and hospital facilities. Very competitive 
salary and benefit package. Excellent opportunity. 
Good hunting, fishing. Good schools, a beautiful 
place to raise a family. Call Executive Administrator 
collect, (701) 857-0236. Or write: Medical Arts Clinic, 
P.C., P.O. Box 1489, Minot, ND 58702-14839. 


MENDOCINO COUNTY — Immediate opening in 
beautiful coastal northern California for tull-time 
BC/BE genera! surgeon with trauma experience. 
Send CV to: Julie Campbell, Mendocino Coast Dis- 
trict Hospital, 700 River Drive, Fort Bragg, CA 95437; 
or call (707) 961-1234 









DIRECTOR 
OF THE DIVISION 
OF 
VASCULAR 
SURGERY 


Deborah Heart & Lung Cen- 
ter is seeking candidates for 
the position of Director of 
the Division of Vascular 
Surgery. Applicants should 
have strong clinical, teach- 
ing and administrative skills, 
as well as the commitment 
for research. 


BC/BE aggressive self-starter for rapidly growing 
suburb of Atlanta. Excellent compensation and 
benefit package. For more information, call or write: 
Peter Avvento, P.O. Box 617, Jensen Beach, FL 
34958-0617 or (407) 334-1057. 


GENERAL SURGERY — Join this growing, pro- 
gressive five-person group as the second general 
surgeon. A lucrative practice encompassing a wide 
range of procedures. The location is a quality mid- 
western city, fifteen minutes from one of the coun- 
try's top universities. Outstanding guarantee, paid 
relocation and full benefits program. For additional 
information please call: Mike Stakebake at 1800) 
776-5776. Or send CV to my attention at: Cejka and 
Co., 1034 South Brentwood Boulevard, Suite 7850, 
St. Louis, MO 63117. 















Miscellaneous 


SCLEROTHERAPY '89 — Acomprehensive inoffice 
training program for the treatment of truncal vari- 
cosities and telangiectasias. Three day clinical 
workshops, VHS tapes, and a complete practition- 
er's guide offered by a clinical instructor in surgery, 





Send curriculum vitae to: 
Lynn B. McGrath, MD, 











USC Medical School, Los Angeles, California. For Chairman Dept. of Surgery, 
information, write to: Vein Disorders Center, c/o (609) 893- 6611, Ext. 353 
Gabriel Goren, MD, 16311 Ventura Boulevard, Suite ’ è e 


505, Encino, CA 91436. Telephone: (818) 905-5502; 
FAX: (818) 905-6092. 





Practices Available 


SOUTHERN INDIANA — Solo general surgery and Lung Center 
practice for sale; cooperative coverage; modern 


i ‘ Alp Browns Milis, NJ 08015 
120-bed hospital; growing community, gross 
$400,000 plus; office lease or buy; will introduce. Equal Opportunity Employer 
Send CV: Box #905, c/o AOS. 


Deborah Heart 








Faculty Positions 


VASCULAR SURGEON — The Department of 
Surgery, Medical College of Pennsylvania is recruit- 
ing a board-certified/-eligible vascular surgeon fora 
full-tine academic position. Responsibilities include 
patient care, research, medical student and resident 
instruction. Benefits and insurance included. Apply 
to: Division of Vascular Surgery, Medical College of 
Pennsylvania, Philadelphia, PA 19129. 


PROFESSOR/CHAIR OF SURGERY — State Uni- 
versity of New York at Buffalo: SUNY Buffalo, 
School of Medicine and Biomedical Sciences invites 
applications for a tenured professorial position as 
Chair of the Department of Surgery. This represents 
a unique opportunity to build upon a currently 
strong department of surgery, and to coordinate a 
program featuring rich clinical and funded-research 
resources. The successful candidate should have a 
distinguished surgical academic career, significant 
administrative experience and demonstrated lead- 
ership ability. The chair will be expected to provide 
academic and professional leadership to a large full- 
time and volunteer faculty and to coordinate under- 
graduate medical education in surgery and an 
approved multi-institutional residency training pro- 
gram in general surgery. Candidates must have an 
MD degree and be boarded in general surgery. 
Candidates should submit a full curriculum vitae, a 
summary of current research interests by December 
31, 1989 to: Dr. John R. Wright, Chairman of the 
Surgery Search Committee, Department of Pathol- 
ogy, 204 Farber Hall, SUNYAB, Buffalo, NY 14214. 
SUNY/AB is an AA/EOE. 


Medical Publications 


SCLEROTHERAPY For Truncal Varicose Veins and 
Telagiectasias: Practioner’s Guide ($55) available 
from Vein Disorders Center, 16311 Ventura Boule- 
vard, Suite 505, Encino, CA 91436. (818) 905-5502: 
FAX: (818) 905-6092. 


We Target 
The Physician 
You Want! 


The Archives of Surgery’s new classi- 
fied recruitment section will deliver your 
message to exactly your target aud- 
ience — all general surgeons, ortho- 
pedic surgeons, urological surgeons, 
plastic surgeons — plus other surgical 
subspecialties. A total specialized phy- 
sician audience of over 67,000. 


Send us your order today. The next 
available issue is February which closes 
December 22nd. Act now to reach pre- 
cisely the physician you need. 


The classified rate is $1.60 per word for 
one issue. For three issues or more, the 
rate is $1.45 per word per issue. Min- 
imum classified ad is 20 words. The 
classified display rate is $75 per column 
inch. For complete information see 
“Classified Information” on the first page 
of this section. 


Send all copy and payments to: 


archuves ol 


Siifgery 


Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 
National (800) 237-9851 O Florida (800) 553-8288 
Local (813) 443-7666 





Minority Medical Research 
Fellowships 


The Minority Medical Faculty Development Program, sponsore 
by The Robert Wood Johnson Foundation, has up to eight be 
positions available beginning in 1991. The program offers postd 
toral research fellowships to physicians from under-representes” 
minority groups (blacks, Mexican Americans, native Americans, a 
mainland Puerto Ricans) who have demonstrated superior academ 
and Ginical skills and who are committed to careers in academi 
medicine and biomedical research. The fellowship supports fourcor: 
secutive years of laboratory research. Each fellow selected will receiv 
an annual stipend of up to $50,000 and a $25,000 annual grar 
toward support of research activities. 

in addition to the above eligibility requirements, applicants mu: — 
be US. citizens and must have completed their formal clinical trainines 
by the projected time of entry into the program. 

Applications for appointment in 1991 must be submitted by Ap. 
30, 990. Interviews with selected applicants will be carried out == 
July 1990, and successful candidates will be notified in Decemb: 
1990. 

For further information and application materials, contact: 
Harold Amos, PhD, Program Director or 
Charlotte Litt, PhD, Deputy Director 
Department of Microbiology and Molecular Genetics 
Harvard Medical School 
Minority Medical Faculty Development Program _ 
P.O. Box 446, Brookline, MA 02147 © Telephone: (617) 732-19% 





Bring your outstanding surgical skills to the Southern California Permanente Med 
Group and experience the freedom to focus on patient work. Not paperwork. 

We are a multispecialty group practice — a partnership composed of and manage 
SCPMG physicians. 

Opportunities exist for board eligibie/ certified Surgeons with a combined practice c 
Peripheral Vascular and General Surgery. 

Consider the advantages: the finest equipment and latest technology; the availabilit 
consultations with other physicians of distinction; and a broad network of exceptional 
support personnel backed by excellent resources. 

Our compensation is competitive and benefits are outstanding. They include: 
professional liability, medical and dental coverage, vacation and sick leave, continuing 
education, life insurance and retirement plans. After two years of full-time employment 
physicians are eligible to be considered for partnership. 

For a physician application, please call (800) 328-5278. If calling from outside of 
California, please call (800) 541-7946 or send your curriculum vitae to: Physician 
Recruitment, Dept. 018, Walnut Center, Pasadena, CA 91 188-8013. 


Equal Opportunity Employer M, F/H 
AZ 
NO) 


KAISER PERMANENTE 
Good People. Good Medicine. 


t 


Count on 


L 


em 


ponenneeeenl 
pr | 


"ODILI 


g: 
g 
= 
= 
= 


due to indicated organisms 









4) 
Sy Intravenous or Intramuscular Use 
RIEF SUMMARY 


+ 'DICATIONS AND USAGE 
rma). REATMENT: CEFOTAN® (cefotetan disodium) is indicated for the therapeutic treatment of the 
„allowing infections when caused by susceptible strains of the designated organisms: 

parmar tract infections caused by F coli, Klebsiella species (including K pneumoniae), Proteus 
mami nirabilis and Proteus sp (which may include the organisms now called Proteus vulgaris, Providenc.a 
(Cottgeri, and Morganella morganii). 

awer respiratory tract infections caused by Streptococcus pneumoniae (formerly D pneumoniae) 
‘taphylococcus aureus (penicillinase- and nonpenicillinase-producing strains), Haemophilus influenzae 

sluding ampicillin-resistant strains), Klebsiella species (including K pneumoniae), and E coli. 

Ain and skin structure infections caused by Staphylococcus aureus (penicillinase- and nonpenicil- 
)gase-producing strains), us epidermidis, Streptococcus pyogenes and Streptococcus 
ecies (excluding enterococci), and E coli. 
~ Necologic infections caused by Staphylococcus aureus” (including penicillinase- and nonpenicil- 
yase-producing strains), Staphylococcus epidermidis, Streptococcus species (excluding entero- 
occi), E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding B distasons,, 

ovatus, B thetaiotaomicron), Fusobacterium species,” and gram-positive anaerobic cocci (including 
‘eptococcus and Peptostreptococcus species’). 

»tra-abdominal infections caused by F coli, Klebsiella species (including K pneumoniae"), Strepto- 
“occus species (excluding enterococci), and Bacteroides species (excluding B distasonis, B ovatus, 
? thetaiotaomicron). 

sone and joint infections caused by Staphylococcus aureus.” 

‘Efficacy for this organism in this organ system was studied in fewer than ten infections. 

Specimens for bacteriological examination should be obtained in order to isolate and identify 
iusative organisms and to determine their susceptibilities to cefotetan. Therapy may be instituted 
təfore results of susceptibility studies are known; however, once these results become available, the 
“tibiotic treatment should be adjusted accordingly. 

in cases of confirmed or suspected gram-positive or gram-negative sepsis or in patients with cther 
sious infections in which the causative organism has not been identified, it is possible to use CEFOTAN 
sgncomitantly with an aminoglycoside. Cefotetan combinations with aminoglycosides have been shown 
mht synergistic in vitro against many Enterobacteriaceae and also some other gram-negative becteria. 
i32 dosage recommended in the labeling of both antibiotics may be given and depends on the severity 
+ the infection and the patient's condition. 

SOE: If CEFOTAN and an aminoglycoside are used concomitantly, renal function should be carevully 
itored, especially if higher dosages of the aminoglycoside are to be administered or if therapy is 
gnged, because of the potential nephrotoxicity and ototoxicity of aminoglycosidic antibiotics 
"ough, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, it is possi3le that 
(eH ig be potentiated if CEFOTAN is used concomitantly with an aminoglycoside. 

S: The preoperative administration of CEFOTAN may reduce the incidence of certain 
operative infections in patients undergoing surgical procedures that are classified as clean con- 
A nated or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, trans- 
athral surgery, biliary tract sy „a peo surgery). 

Tae prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. in pa- 
srs undergoing cesarean section, CEFOTAN should be administered intravenously after the clamping 
= tee umbilical cord. 
ił there are signs and symptoms of infection, specimens for culture should be obtained for identifica- 

of the causative organism so that appropriate therapeutic measures may be initiated. 

i: TRAINDICATIONS 

Æl Blan 4. contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 
ore therapy with CEFOTAN is instituted, careful inquiry should be made to determine whether the 
n=l ent has had ous ap “epee er reactions to n disodium, cephalosporins, 

or icillins, or is product should be given cautiously to penicillin-sensitive patients. 

i jiotics should be administered with caution to any patient who has demonstrated some ferm of 
D gy, particularly to drugs. If an allergic reaction to C occurs, discontinue the drug. 

- lous acute hy vity reactions may require — and other emergency measures. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 
m antibiotics); therefore, it is important to consider its diagnosis in patients who develop 
‘rhea in association with antibiotic use. 

‘reatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit over- 
wth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 

» “ibiotic-associated colitis. Cholestyramine and colestipol resins have been shown to bind the tox n in vitro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be 
1arvaged with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not re- 
ieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for anti- 
oceans pseudomembranous colitis produced by C difficile. Other causes should also be ccnsidered. 

/*NERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
owth of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection 
“ves occur Gae therapy, appropriate measures should be taken. 

in common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 

‘rothrombin activity. Those at risk include patients with renal or hepatic impairment or poor nutri- 
tonal state, the elderly and patients with cancer. Prothrombin times should be monitored in patients at 
‘isk and exogenous vitamin K administered as indicated. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, par- 


eee 

INFORMATION FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 
characterized by leet sweating, headache, and tachycardia may occur when alcohol (beer wine, 
etc.) is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 
Loops of alcoholic beverages following the administration of CEFOTAN. 
DRUG INTERACTIONS: Although to date nephrotoxicity has not been noted when CEFOTAN wes given 
alone, it is possible that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 

steps ere 

NRUG/LABORATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 

‘ith Benedict's or Fehling's solution. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
‘2rum and urine creatinine levels by Jaffe reaction and produce false increases in the levels ot 
eatinine reported. 

4 RCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
"a als have not been performed to evaluate carcinogenic potential, no mutagenic potential cf 
_ “fecetan was found in standard laboratory tests. 
"N etan has adverse effects on the testes of prepubertal rats. Subcutaneous administraticn of 
+. Q/kg/day (approximately 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 









































CEFOTAN... 
cefotetan disodium) 


In intra-abdominal and gynecologic infection 


CEFOTAN® (cefotetan disodium) 


developmentally analogous to late childhood and pe er pes in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day (approximately 2-4 times the usual human dose) only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. 

Similar lesions have been observed in experiments of comparable design with other methylthiotetrazoie- 
containing antibiotics and impaired fertility has been reported, paper td at high dose levels. No 
testicular effects were observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or 
in infant 4 (3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. The relevance of these 
findings to humans is unknown. 

USAGE IN PREGNANCY: Pregnancy B: Reproduction studies have been performed in rats 

and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired fertil- 

ity or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled stucies in 

pregnant women. Because animal reproductive studies are not always predictive of human response, 

this ay should be used during pregnancy only if clearly needed. 

USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations. Cau- 

tion should be exercised when cefotetan is administered to a nursing woman. 

PEDIATRIC USE: Safety and effectiveness in children Fave not been established. 

ADVERSE REACTIONS 

In clinical studies, the following adverse effects were considered related to CEFOTAN therapy. 

Gastrointestinal symptoms occurred in 1.5% of patients; the most frequent were diarrhea (1 in 80) and 

nausea (1 in 700). 

Hematologic laboratory abnormalities occurred in 1.4% of patients and included eosinophilia (1 in 200), 
ositive direct Coombs test (1 in 250), and thrombocytosis (1 in 300). 

epatic enzyme elevations occurred in 1.2% of patients and included a rise in SGPT (1 in 150), SGOT 
(1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 

(1 mo reactions were reported in 1.2% of patients and included rash (1 in 150) and itching 

in 
Local effects were reported in less than 1.0% of patients and included phlebitis at the site of injection 
(1 in 300), and discomfort (1 in 500). During postmar<eting experience with CEFOTAN, anaphylactic 
reactions and transient thrombocytopenia have been reported. 

DOSAGE AND ADMINISTRATION 

TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intra- 
muscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be deter- 
mined by the condition of the patient, severity of the infection, and susceptibility of the causative organism. 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 

















Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6° grams 3 g every 12 hours IV 





*Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or potentially contaminated 

ya Ae adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenousyy, 
minutes prior to surgery. In patients undergoing cesarean section, the dose should be admin- 

istered as soon as the umbilical cord is clamped. 

IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 

employed. The following dosage guidelines may be used. 














DOSAGE GUIDELINES FOR PATIENTS 
WITH IMPAIRED RENAL FUNCTION 
Creatinine Clearance 
mL/min Dose Frequency 
>30 Usual Recommended Dosage* Every 12 hours 
10-30 Usual Recommended Dosage” Every 24 hours 
<10 Usual Recommended Dosage” Every 48 hours 





*Dose determined by the type and severity of infection, and susceptibility of the causative organism. 
Alternatively, the dosing interval may remain constant at 12 hour intervals, but the dose reduced to 
one-half the usual recommended dose for patients with a creatinine clearance of 10-30 mL/min, and 
one-quarter the usual recommended dose for patien:s with a creatinine clearance of less than 1¢ mL/min. 
When only serum creatinine levels are available, creatinine clearance may be calculated from the 
following formula. The serum creatinine level should represent a steady state of renal function. 


Weight (kg) x (140 - age) 


Males: ——————— E A A ANON 
72 x serum creatinine (mg/100 mL) 


Females: 0.9 x value for males 

Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodiaty- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis. 
HOW SUPPLIED 
CEFOTAN is a dry, white to pale yellow powder supplied in vials containing cefotetan disodium equiv- 
alent to 1 g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1 g dese is 
available in 10 mL and 100 mL vials, and the 2 g dose is available in 20 mL and 100 mL vials. SEFOTAN 
is also available in a pharmacy bulk package of 10 g in 100 mL vials. The vials should not be stored at 
temperatures above 22°C and should be protected from light. 

1 g in 10 mL vial (NDC 0038-0376-10); 2 g in 20 mL vial (NDC 0038-0377-20); 1 g in 100 mL via 
(NDC 0038-0376-11); 2 g in 100 mL vial (NDC 0038-0377-21); 10 g in 100 mL vial (NDC 0038-0375-10). 


Manufactured for 


STUART PHARMACEUTICALS 


A business unit of ICI Americas Inc. 


Wilmington, Delaware 19897 USA Rev. | 11/88 63985-01 
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